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MUTAN Y-ACTIN AND ITS USE IN DETERMINING DRUG RESISTANCE 
TO ANT-MICROTUBULE AGENTS 

TECHNICAL FIELD OF THE INVENTION 

5 The invention relates to mutations of the y actin 

gene, to determining whether an individual is resistant to 
compounds for therapy of cancer by reference to the 
mutations, and to use of the mutations for inducing in a 
cell a resistance to such compounds. 

10 BACKGROUND OF THE INVENTION 

Vinblastine is a compound used for the therapy of 
cancer. Desoxyepothilone B is a new experimental compound 
that has shown good efficacy in experimental animal 
models. These compounds are ant i -microtubule agents and 

15 they provide therapy by inducing cancer cell death. 

While the majority of patients treated with 
vinblastine ultimately become long term survivors, a 
significant proportion of patients develop resistance to 
cell death induced by these compounds and consequently 

2 0 relapse. Ant i -microtubule agents such as vinblastine and 

desoxyepothilone, are potent inhibitors of cell division. 

Although resistance to compounds for therapy of 
cancer may be mediated by molecules such as ABC gene 
superfamily members ( P -glycoprotein , MRP-1 and 2, MDR-1) , 

25 or (5- tubulin mutations, there appears to be other 

mechanism (s) that control resistance. It is believed that 
a mechanism that is independent of P-glycoprotein activity 
is important for controlling resistance to cell death 
induced by vinblastine and desoxyepothilone B. The nature 

30 of this mechanism (s) is not understood. 

A consequence of the paucity of information in 
relation to the mechanism (s) for resistance to anti- 
micro tubule agents such as vinblastine and 
desoxyepothilone B is that a limitation applies to the 

3 5 extent to which resistance to these agents can be 

determined. Accordingly, to date it has been difficult to 
identify an individual who is resistant to vinblastine 
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and/or desoxyepothilone therapy, or predisposed to 
resistance to such therapy. 

Further- it has been difficult to confer a resistance 
to ant i -microtubule agents such as vinblastine or 
5 desoxyepothilone B upon a cell. 

SmWi&RY OF THE imflSHTIGH 
The invention seeks to at least minimise the above 
identified limitations and in one aspect provides a method 
for determining whether a human cell is resistant to cell 

10 death induced by an ant i -microtubule agent such as 

vinblastine and desoxyepothilone B. The method comprises 
determining whether the cell comprises a mutation of the y 
act in gene or a mutated y act in protein. 

The invention further provides a method for 

15 determining whether a human cell is resistant to cell 
death induced by vinblastine. The method comprises 
determining whether the cell comprises a guanine (G) or 
cytosine (C) , at position 559 of the y actin cDNA, or G or 
thymine (T) , at position 3 07 of the y actin cDNA. 

20 The nucleotides of the y actin cDNA described herein 

are numbered according to the numbering of the sequence 
shown in SEQ ID NO: 1 . 

The invention further provides a method for 
determining whether a human cell is resistant to cell 

25 death induced by desoxyepothilone B . The method comprises 
determining whether the cell comprises a C or T, at 
position 293 of the y actin cDNA, or C or T at position 485 
of the y actin cDNA. 

As described herein, the inventors have characterised 

30 gene and protein expression in cell lines made resistant 
to vinblastine or desoxyepothilone B. More particularly, 
the inventors have isolated novel isoforms of y actin and 
they have characterised the amino acid sequences of these 
isoforms and the nucleotide sequence of the cDNA encoding 

35 these isoforms. The inventors have found that particular 
mutations of the y actin gene are associated with 
resistance to cell death induced by vinblastine or 
desoxyepothilone B and other ant i -microtubule agents. 
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This finding is unanticipated because vinblastine and 
desoxyepothilone B target p tubulin. 

The inventors have found two mutations of the y actin 
gene in cell lines made resistant to vinblastine as 
5 follows: (i) a mutation which controls a aspartate (D) 137 to 
histidine (H) 187 substitution in vinblastine resistant cells 
and (ii) a mutation which controls a valine (V) 103 to 
leucine (L) 103 substitution in vinblastine resistant cells. 
Further, the inventors have found two mutations in 

10 desoxyepothilone B resistant cell lines as follows: (i) a 
mutation which controls a proline (P) 98 to leucine (L) 98 
substitution in desoxyepothilone B resistant cells and 
(ii) a mutation which controls a threonine (T) 162 to 
methionine (M) 162 substitution in desoxyepothilone B 

15 resistant cells. 

The amino acids of y actin described herein are 
numbered according to the numbering of the sequence shown 
in SEQ ID NO: 5. 

As described herein, the mutations of the y actin 

2 0 gene encode amino acid substitutions in regions of y actin 
that are closely spatially related. More particularly, 
the substitutions are located in sub domain I and sub 
domain IV of y actin. Importantly, it is recognised that 
these amino acid substitutions may indeed control or 

2 5 contribute to resistance to ant i -microtubule agents such 

as vinblastine and desoxyepothilone B, because they are 
located either in close spatial relationship to the ATP 
binding cleft of sub domain IV, or in sub domain I . The 
inventors recognise that whether or not the mutations 

3 0 control or contribute to ant i- microtubule agent 

resistance, as these mutations are observed to at least 
associate with the resistance to these compounds, they are 
useful for determining whether a cell is resistant to 
ant i -microtubule agents such as vinblastine and 
3 5 desoxyepothilone B and accordingly, the identification of 
an individual who is resistant to therapy provided by 
these compounds . 
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Thus in another aspect, the invention provides a 
method for identifying an individual who is resistant to 
cell death induced by an ant i -microtubule agent such as 
vinblastine and desoxyepothilone B or pre - di sposed to 
5 resistance to cell death induced by such agents. The 
method comprises determining whether a cell of the 
individual comprises a mutation of the y actin gene or a 
mutated y actin protein. 

In another aspect, the invention provides a method 
10 for identifying an individual who is resistant to cell 

death induced by vinblastine, or predisposed to resistance 
to cell death induced by vinblastine. The method 
comprises determining whether a cell derived from the 
individual comprises a G or C, at position 559 of the y 
15 actin cDNA, or G or T, at position 307 of the y actin cDNA. 

In another aspect, the invention provides a method 
for identifying an individual who is resistant to cell 
death induced by desoxyepothilone B, or predisposed to 
resistance induced by desoxyepothilone B. The method 

2 0 comprises determining whether a cell derived from the 

individual comprises a C or T, at position 293 of the y 
actin cDNA, or C or T, at position 485 of the y actin cDNA. 

Typically, the human cell the subject of the above 
described methods is a cancer cell, such as a leukemia. 
25 However, the inventors recognise that resistance to 

vinblastine or desoxyepothilone B may be detected in a 
normal human cell, more specifically a non cancerous or 
non neoplastic cell. 

The inventors recognise that in particular 

3 0 embodiments, the above described methods could be 

performed, either by directly detecting the nucleotide at 
positions 559, 307, 293 or 485 of the y actin cDNA, or 
alternatively, by determining whether the cell or 
individual comprises at least one nucleotide in linkage 
3 5 disequilibrium with a nucleotide of the y actin gene which 
corresponds to the nucleotide at positions 559, 3 07, 2 93 
or 485 of the y actin cDNA. u Linkage di sequi 1 ibr ium" is 
known in the art as a phenomenon that occurs when the 
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observed frequencies of haplotypes in a population does 
not agree with haplotype frequencies predicted by- 
multiplying together the frequency of individual genetic 
markers in each haplotype. As discussed further herein, 
5 linkage disequilibrium occurs particularly when genes are 
located in close physical proximity, and/or when genomic 
DNA between genes is otherwise not susceptible to 
recombination. 

As described herein, the inventor has found that the 

10 mutation of the y actin gene, and the y actin protein 

expressed therefrom, confer resistance to ant i -microtubule 
agents upon a cell. Specifically, by introducing a nucleic 
acid molecule comprising the y actin mutation into a cell, 
the sensitivity of the cell to agents such as vinblastine, 

15 desoxyepothilone B and paclitaxel can be minimised, 

decreased or otherwise adjusted and indeed a cell can be 
produced that has a level of resistance to these 
compounds. This finding has useful application 
particularly in the circumstance where there is a need to 

2 0 minimise or avoid the side effects that are observed in 
cancer therapy with these compounds. 

Thus in another aspect, the invention provides a 
method for inducing, conferring or otherwise imparting to 
a cell, a resistance to an ant i- microtubule agent. The 

25 method comprises the step of providing in a cell, a 

nucleic acid molecule that encodes a mutant y actin, or 
providing in a cell, a mutant y actin. 

An ant i- microtubule agent is a compound that binds to 
P tubulin. Typically ant i- microtubule agents, on binding to 

30 P tubulin, disrupt microtubule dynamics. Such disruption 
may lead to mitotic arrest and/or cell death. Anti- 
micro tubule agents are used extensively in the treatment 
of many types of cancer. In some circumstances, the 
clinical usefulness of anti -microtubule agents is limited 

35 by the development of resistance to these agents. Examples 
of anti -microtubule agents include vinblastine, 
desoxyepothilone B, vincristine and paclitaxel. 
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In another aspect, the invention provides a method 
for producing a cell that is resistant to an anti- 
micro tubule agent comprising the step of providing in a 
cell, a nucleic acid molecule that encodes a mutant y 
5 actin, or providing in a cell, a mutant y actin. 

In another aspect, the invention provides a method 
for treating an individual for cancer with an anti- 
microtubule agent comprising the step of providing in a 
non cancerous cell of the individual, a nucleic acid 
10 molecule that encodes a mutant y actin, or providing in a 
non cancerous cell, a mutant y actin, to induce in the non 
cancerous cell, a resistance to an ant i -microtubule agent. 

In another aspect, the invention provides a method 
for determining whether a compound is capable of treating 
15 a cell having a drug resistance phenotype comprising the 
steps of: 

providing in a cell a nucleic acid molecule that 
encodes a mutant y actin, or providing in a cell, a mutant 
y actin, to induce in the cell, a resistance to an anti- 

2 0 microtubule agent; and 

contacting the cell with the compound to determine 
whether the compound is capable of treating the cell. 
A cell having a drug resistance phenotype is typically one 
that has become resistant to treatment with a cancer 
25 chemotherapeutic . The cell phenotype may be characterised 
by the expression of molecules such as p-glycoprotein or 
mutated (3 tubulin, or mutated y actin. 

In another aspect, the invention provides a peptide 
for inducing in a cell a resistance to an ant i -microtubule 

3 0 agent comprising: 

(a) a sequence shown in any one of SEQ ID NOS : 5 to 

8 ; or 

(b) a sequence that has at least 80 % identity to 
the sequence shown in SEQ ID NO: 5 and wherein residue 

35 number 187 is histidine; or 

(c) a sequence that has at least 80 % identity to 
the sequence shown in SEQ ID NO: 6 and wherein residue 
number 103 is leucine; or 
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(d) a sequence that has at least 80 % identity to 
the sequence shown in SEQ ID NO: 7 and wherein residue 
number 9 8 is leucine; or 

(e) a sequence that has at least 80 % identity to 
5 the sequence shown in SEQ ID NO: 8 and wherein residue 

number 162 is methionine. 

(f) a fragment of a peptide according to any one of 
(a) to (e) . 

The peptide is useful for determining whether a human 
10 cell or individual is resistant to cell death induced by 
vinblastine or desoxyepothilone B. It is also useful for 
inducing, conferring or otherwise imparting to a cell a 
resistance to an ant i- microtubule agent such as 
vinblastine and desoxyepothilone B . 
15 The invention also provides y actin that comprises 

one of the following sequences: (i) DLTHYLMK (SEQ ID NO: 
9); or (ii) VAPEEHPVLLTEAPLNPK (SEQ ID NO: 10); or 
histidine at amino acid position 187 or leucine at amino 
acid position 103 or leucine at amino acid position no 98 
20 or methionine at amino acid position no. 162. 

The invention also provides a fragment of a y actin 
described above useful for immunising a host to produce an 
antibody for determining whether a human cell or 
individual is resistant to cell death induced by 

2 5 vinblastine or desoxyepothilone B. 

In another aspect, the invention provides a nucleic 
acid molecule for inducing in a cell a resistance to an 
ant i -microtubule agent comprising: 

(a) a sequence shown in any one of SEQ ID NOS : 1 to 

3 0 4; or 

(b) a sequence that has at least 8 0 % identity to 
the sequence shown in SEQ ID NO : 1 and wherein nucleotide 
number 55 9 is cytosine ; or 

(c) a sequence that has at least 80 % identity to 
35 the sequence shown in SEQ ID NO; 2 and wherein nucleotide 

number 3 07 is thymine; or 
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(d) a sequence that has at least 8 0 % identity to 
the sequence shown in SEQ ID NO: 3 and wherein nucleotide 
number 2 93 is thymine; or 

(e) a sequence that has at least 8 0 % identity to 
5 the sequence shown in SEQ ID NO: 4 and wherein nucleotide 

number 485 is thymine; or 

(f) a fragment of a molecule according to any one 
of (a) to (e) . 

The nucleic acid molecule is useful for determining 
10 whether a human cell or individual is resistant to cell 

death induced by vinblastine or desoxyepothilone B. It is 
also useful for inducing, conferring or otherwise 
imparting to a cell a resistance to an ant i -microtubule 
agent such as vinblastine and desoxyepothilone B. 
15 In another aspect, the invention provides a vector 

comprising a nucleic acid molecule according to the 
invention . 

In another aspect, the invention provides a cell 
comprising a peptide, nucleic acid molecule or vector 
2 0 according to the invention. 

In another aspect, the invention provides an antibody 
for binding to a peptide or a y actin of the invention. 
The antibody is useful for determining whether a human 
cell or individual is resistant to cell death induced by 

2 5 vinblastine or desoxyepothilone B. 

DETAILED DESCRIPTION OF THE INVENTION 
As described further herein, the inventors have found 
a number of mutations at various positions of the y actin 
cDNA which are associated with resistance to cell death 

3 0 induced by vinblastine, or resistance to cell death 

induced by desoxyepothilone B. As these mutations are 
passed on subsequent to mitotic cell division, it follows 
that they are mutations of genomic DNA. 

More particularly, the inventors have identified that 
35 in cells resistant to vinblastine, the nucleotide at 

position 559 of the y actin cDNA is C and encodes H at 187, 
while in cells sensitive to vinblastine, the nucleotide at 
position 559 of the cDNA is G and encodes D. A further 
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mutation is that, in cells resistant to vinblastine, the 
nucleotide at position 3 07 of the y act in cDNA is T and 
encodes L at position 103, whereas in cells sensitive to 
vinblastine, the nucleotide at position 3 07 of the cDNA is 
5 G and encodes V. As the cells sensitive to vinblastine 
have G at position 559 or 3 07 of the y act in cDNA, the 
presence of G at position 559 or 3 07 is considered to be 
and is described herein as a wild type (wt) genotype. The 
presence of C at position 559 or a T at position 307 is 

10 considered to be, and is described herein as mutant (ml) 
and (m2) genotypes respectively. 

Further, the inventors have identified that in cells 
resistant to desoxyepothilone B, the nucleotide at 
position 2 93 of the y act in cDNA is T and encodes L at 98, 

15 while in cells sensitive to desoxyepothilone B, the 

nucleotide at position 2 93 of the cDNA is C and encodes P. 
A further mutation is that, in cells resistant to 
desoxyepothilone B, the nucleotide at position 4 85 of the y 
actin cDNA is T and encodes M at position 162, whereas in 

20 cells sensitive, the nucleotide at position 485 of the 

cDNA is C and encodes T. As the cells sensitive have C at 
position 2 93 or 485 of the y actin cDNA, the presence of C 
at position 293 or 485 is considered to be and is 
described herein as a wild type (wt) genotype. The 

25 presence of T at position 293 or 485 is considered to be, 
and is described herein as mutant genotypes, m3 and m4 
respect ively . 

As described herein, it is recognised that 
sensitivity or resistance to vinblastine or 

3 0 desoxyepothilone B could be detected by directly detecting 
the above identified mutations. Alternatively, this could 
be detected by detecting one or more alleles in linkage 
disequilibrium with a corresponding above identified 
mutation. 

35 There now follows a description of methods, nucleic 

acid molecules, peptides, antibodies, compositions and 
kits for determining whether a human cell or individual is 
resistant to cell death induced by vinblastine or 
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desoxyepothilone B and for inducing, conferring or 
otherwise imparting to a cell a resistance to an anti- 
microtubule agent such as vinblastine and desoxyepothilone 
B. 

5 A. Methods 

a. Methods for identifying y actin. 
The identity of the y actin can be determined by use 
of any technique capable of- distinguishing between the wt 
gene product and the ml, m2 , m3 or m4 gene products. 
10 In one embodiment, the method comprises contacting 

the y actin isoform with an antibody for selectively 
binding to a region of the isoform comprising amino acid 
residue position 103 or 187 in conditions for permitting 
the antibody to bind to the region. The. binding of the 
15 antibody to an isoform comprising H at position 18 7 or L 
residue at 103 identifies that the isoform is a ml or m2 
gene product respectively. Accordingly, a cell to which 
the antibody is bound is resistant to vinblastine therapy. 
In another embodiment, the method comprises 
2 0 contacting the y actin isoform- with an antibody for 

selectively binding to a region of the isoform comprising 
amino acid residue position 162 or 98 in conditions for 
permitting the antibody to bind to the region. The 
binding of the antibody to an isoform comprising L at 
25 position 98 or M residue at 162 identifies that the 
isoform is a m3 or m4 gene product respectively. 
Accordingly, a cell to which the antibody is bound is 
resistant to desoxyepothilone B therapy. 

Suitable assay formats for identification of the y 
30 actin isoform include ELISA, radio-immunoassay , Western 
blots , immunofluorescence staining, immunoprecipitation, 
mass spectrometry, protein sequencing, gel electrophoresis 
and immunohistochemistry . 

b. Methods for identifying a mutation 
35 1. Restriction Endonuclease Techniques 

In one embodiment, the method comprises cleaving a 
nucleic acid of the cell with a restriction endonuclease 
for distinguishing G from C at position 559, or cleaving a 
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nucleic acid of the cell with a restriction endonuclease 
for distinguishing G from T at position 3 07, for the 
purpose of determining resistance to vinblastine. The 
endonuclease may be one capable of cleaving at position 
5 559 or 307 of y actin, or it may be one for cleaving at a 
nucleotide in linkage disequilibrium with the nucleotide 
corresponding to the nucleotide at position 559 or 3 07 of 
the y actin cDNA. The resultant cleaved, or uncleaved 
products may then be detected as described further herein. 

10 In another embodiment, and for the purpose of 

determining resistance to desoxyepothilone B, the method 
comprises cleaving a nucleic acid of the cell with a 
restriction endonuclease for distinguishing C from T at 
position 293, or cleaving a nucleic acid of the cell with 

15 a restriction endonuclease for distinguishing C from T at 
position 485. The endonuclease may be one capable of 
cleaving at position 293 or 485 of y actin, or it may be 
one for cleaving at a nucleotide in linkage disequilibrium 
with the nucleotide corresponding to the nucleotide at 

20 position 293 or 485 of the y actin cDNA. The resultant 
cleaved or uncleaved products may then be detected as 
described further herein. 

The method is typically performed under optimal 
conditions for cleavage. These conditions are dictated by 

25 the type and specificity of the restriction endonuclease. 
In general, the conditions that are optimal for cleavage 
are those described in the product material with the 
manufacturer's instructions. Conditions for cleavage may 
modified by adjusting, for example, pH and salt 

3 0 concentrations of the reaction mixture. 

The presence of the cleaved or uncleaved products may 
be detected by electrophoresis through agarose or 
polyacryl amide gels. This is a standard method used to 
separate and identify nucleic acid molecules. The 

3 5 technique is rapid and simple to perform. Nucleic acid 

molecules applied to the agarose or polyacryl amide gel are 
separated electrophoretically based upon their molecular 
weight . 
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The position of the cleaved or uncleaved product, and 
therefore, its identification, can be determined by 
staining of the product with a fluorescent intercalating 
dye such as ethidium bromide and then examination under 
5 ultraviolet light. Thus the molecular weights of the 
cleaved or uncleaved products can be determined by 
comparison of the migration of the products to 
commercially available molecular weight standards. 

Alternatively, the cleaved and uncleaved products may 

10 be arranged onto a solid support, for example, a 

nitrocellulose membrane, especially by capillary blotting. 
The products are then identified by hybridising a nucleic 
acid molecule (a "probe' 7 ) to a portion of the cleaved or 
uncleaved product that comprises sequence (the "target 

15 sequence") that is complementary to the probe, and that is 
arranged on the support. These methods are described 
further herein. Methods for the design and production of 
a probe are also described further herein. 

The mutation C to T at position 2 93 generates a 

20 unique restriction site with BsiLl resulting in 5 
fragments in the mutant allele in contrast to four 
fragments from the wild type allele when digesting a PGR 
product encompassing nucleotides 1 to 654. The mutation C 
to T at position 485 generates a unique restriction site 

2 5 with BscBl resulting in 8 fragments in the mutant allele 

in contrast to 7 fragments from the wild type allele when 
digesting a PCR product encompassing nucleotides 1 to 654 . 

Other endonucleases may be used in the method 
particularly where the DNA of the individual is not in 

3 0 fact genomic DNA, but is an amplification product obtained 

by amplification of the individual's DNA, for example by 
the polymerase chain reaction (PCR) as described further 
herein, and a particular restriction site corresponding 
with the nucleotide at position 559, 307, 293 or 485 is 
3 5 incorporated into the amplified product by a PCR primer. 

In accordance with the preceding paragraph, it will 
be understood that the actual material to be determined in 
the technique may be a sample of genomic DNA from the 
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individual, or a sample of another nucleic acid molecule, 

1. e. DNA, cDNA or RNA or a mixture thereof, derived, for 
example, by amplification in a PGR, from a sample of the 
individual ' s DMA . 

5 It follows therefore, that the restriction 

endonuclease technique may be preceded by amplification of 
the individual's DNA. Amplification methods, including 
PGR, are described further herein. 

2. Nucleotide Sequence Techniques 

10 In one embodiment, the method comprises sequencing a 

portion of the nucleic acid of the cell for the purpose of 
determining whether the cell is resistant to vinblastine 
therapy. The portion may be one which comprises the 
nucleotide at position 559 or 307 and/or it may comprise a 

15 nucleotide in linkage disequilibrium with a nucleotide of 
the y actin gene which corresponds with the nucleotide at 
position 559 or 307 of the y actin cDNA . 

In another embodiment, the method comprises 
sequencing a portion of the nucleic acid of the cell for 

2 0 the purpose of determining whether the cell is resistant 

to desoxyepothilone B therapy. The portion may be one 
which comprises the nucleotide at position 293 or 485 
and/or it may comprise a nucleotide in linkage 
disequilibrium with a nucleotide of the y actin gene which 
25 corresponds with the nucleotide at. position 293 or 485 of 
the y actin cDNA. 

This technique combines (a) physio- chemical 
techniques, based on the denaturation and hybridisation of 
a nucleic acid molecule (a "primer" ) to a sequence 

3 0 arranged in the individuals nucleic acid (the "target 

sequence 7 ' ) that comprises sequence complementary to the 
primer sequence and (b) enzymatic reactions with 
endonucleases , ligases and/or polymerases. An exemplary 
method is the Sanger sequencing method. 
3 5 The factors for consideration in determining 

appropriate primers for the methods of the invention are 
described further herein. Examples of suitable primers 
are those that span the entire length of the gene in both 



SUBSTITUTE SHEET (RULE 26) RO/AU 



WO 2004/083239 



PCT/AU2004/000331 



14 

forward and reverse directions and are specific to the y- 
actin sequence. 

The primers may be labelled, and methods for 
labelling primers and examples of suitable labels are 
described further herein. 

It will be understood that either or both of coding 
or non-coding strands may be sequenced. Accordingly, 
primers may be designed for hybridising to target 
sequences arranged in either the coding or non- coding 
strands . 

The nucleotide sequence of a portion of the 
individual's nucleic acid is identified by separating 
fragments generated in a sequencing reaction on the basis 
of molecular weight. Polyacrylamide gel electrophoresis is 
an example of a suitable method. 

The sequencing method can be applied when a sequence 
in the genomic DNA is known, such as where the primer 
hybridizes to a known y actin target sequence and initiates 
primer extension into a known region of DNA for sequencing 
purposes. Alternatively, the method can be applied where 
previous sequencing has determined a region of nucleotide 
sequence and the primer is designed to extend from the 
determined region into a region of unknown sequence. This 
latter technique is particularly useful where the 
nucleotide to be detected is one in linkage disequilibrium 
with one of the above described mutations . 

It will be understood that the actual material to be 
sequenced may be a sample of genomic DNA of the 
individual, or a sample of nucleic acid molecule, i.e. 
DNA, cDNA, RNA or a mixture thereof, derived, for example, 
amplified by PCR, from a sample of the individual's 
nucleic acid. 

It follows therefore that the nucleotide sequencing 
technique may be preceded by amplification of the 
individual's nucleic acid. Amplification methods, 
including PCR, are described further herein. 
3 . Hybridisation Techniques 
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In another embodiment, a nucleic acid molecule 
capable of distinguishing G from C at position 559 , or 
capable of distinguishing G from T at position 3 07, is 
hybridised with nucleic acid of the individual, to 
5 determine whether the cell is resistant to vinblastine 
therapy. The nucleic acid molecule may hybridise to a 
portion of the nucleic acid comprising the nucleotide at 
position 559 or 307 and/or it may hybridise to a portion 
comprising a nucleotide in linkage disequilibrium with a 

10 nucleotide of the y act in gene corresponding to the 

nucleotide at position 559 or 3 07 of the y actin cDNA. 

In another embodiment, a nucleic acid molecule 
capable of distinguishing C from T at position 293, or 
capable of distinguishing C from T at position 485, is 

15 hybridised with nucleic acid of the individual, to 
determine whether the cell is resistant to 

desoxyepothilone B therapy. The nucleic acid molecule may 
hybridise to a portion of the nucleic acid comprising the 
nucleotide at position 293 or 485 and/or it may hybridise 

2 0 to a portion comprising a nucleotide in linkage 

disequilibrium with a nucleotide of the y actin gene 
corresponding to the nucleotide at position 2 93 or 4 85 of 
the y actin cDNA. 

This technique is based on the denaturation and 
25 hybridisation of the nucleic acid molecule (the "probe") 
and a sequence arranged on the individual's nucleic acid 
that comprises sequence complementary to the sequence of 
the probe (the "target sequence"), resulting in the probe 
hybridising with the target sequence to form a duplex. 

3 0 Methods for the design and production of probes 

suitable for detecting the mutations are described further 
herein . 

The conditions required for hybridisation of the 
probe to a target sequence are according to standard 
35 techniques. Briefly for hybridisation to occur between 
the probe and target sequence, appropriate hybridisation 
conditions must be provided. This requires a 
consideration of the concentration of probe and target 
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sequence, the length of the probe and degree of 
complementarity between probe and target sequence, 
particularly, G/C content, the time allowed for 
hybridisation, temperature, and pH and salt concentration 
5 of the buffer. 

Oligonucleotide probes ranging in length from 14 to 
40 base pairs that specifically span each of the regions 
of the sequence of y-actin at positions 2 93, 307, 485, and 
559. Probes will be labelled with a radioactive nucleotide 
10 or biot in- label for use in DNA or RNA hybridisation 

experiments. The probe sequences spanning the mutated 
regions that could be used are shown in the Table below. 



Mutation 


Probe Sequence 


Hybridisation 
Temperature 


Ml (D187H) 


GGGTGTTCAAGGTCTCA 


55°C 


M2 (V103L) 


GTCAGCAGCAATGGGTGCTC 


55°C 


M3 (P98L) 


TGCTCCTCCAGGGCCAC 


65°C 


M4 (T162M) 


GATGGGCACCATGTGGGT 


65°C 



15 Similar probes containing wildtype sequence are also 

utilised. Radiolabelled probes are prepared as follows: 10 
picomole of oligonucleotide probes, 10X polynucleotide 
buffer, 32 P-y-dATP, and polynucleotide kinase are incubated 
in a final volume of 15ul at 3 7°C for 3 0min followed by 

2 0 heat inactivation at 65°C for 2min. Membranes are 

hybridised with 2 x 10 7 cpm/ml 32 P-labelled probe at 55-65°C 
overnight followed by washing in IX SSC buffer. 

Hybridization can be carried out in a homogeneous or 
heterogeneous format. The homogeneous hybridization 

2 5 reaction occurs entirely in solution, in which both the 

probe and the target sequence are present in soluble forms 
in solution. A heterogeneous reaction involves the use of 
a matrix that is insoluble in the reaction medium to which 
either the probe or target sequence is bound. 

3 0 Where the target sequence is in a double- stranded 

(ds) form, it is usually denatured as by heating or alkali 
treatment, prior to conducting the hybridization reaction. 
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The denaturation of the ds target sequence can be carried 
out prior to admixture with the probe, or can be carried 
out after the admixture with the probe. 

Effective amounts of probe for use in the 
5 hybridisation reaction are typically expressed in terms of 
molar ratios between the probe to be hybridized, and the 
target sequence. Preferred ratios are hybridization 
reaction mixtures containing equimolar amounts of the 
target sequence and the probe. As is well known, 
10 deviations from equal molarity will produce duplexes, 

although at lower efficiency. Thus, although ratios where 
either probe or target sequence can be in as much as 
100-fold molar excess relative to each other, excesses of 
less than 50- fold, preferably less than 10 -fold, and more 
15 preferably less the 2 -fold are desirable in practicing the 
invention. 

The probe may include a label or indicating group 
that will render the probe and thus a duplex comprising 
the probe hybridised to the target sequence, detectable. 
20 The label may include radioactive elements, chemically 
modified nucleotide bases and the like. 

Radioactive elements linked to a probe provide a 
useful means to facilitate the detection of target 
sequence and probe that have hybridised to form a duplex. 

2 5 A typical radioactive element is one that produces beta 

ray emissions. Elements that emit beta rays, such as 3 H, 
12 C, 32 P and 35 S represent a class of suitable labels. A 
probe labelled with such a radioactive element is 
typically labelled by enzymic incorporation of the 
30 element, for example using DNA kinase. 

Alternatives to radioactive labelled probes are 
probes that are chemically modified to contain metal 
complexing agents, biot in- containing groups, fluorescent 
compounds and the like. 

3 5 One useful metal complexing agent is a lanthanide 

chelate formed by a lanthanide and an aromatic beta- 
dike tone , the lanthanide being bound to the probe via a 
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chelate forming compound such as an EDTA analogue so that 
a fluorescent lanthanide complex is formed. 

Biotin or acridine ester- labelled probes have been 
described. Useful fluorescent marker compounds include 
5 fluorescein, rhodamine , Texas Red, NBD and the like. 

A labelled probe present in a duplex comprising the 
target sequence renders the duplex itself labelled and 
therefore distinguishable over other nucleic acids 
presence in the sample to be assayed. Detecting the 

10 presence of the label in the duplex and thereby the 

presence of the duplex, typically involves separating the 
duplex from any labelled probe that is not hybridised to 
form a duplex. Preferred probes for use in forming a 
duplex are those comprising nucleotide sequences that span 

15 the regions of the mutations i.e. C at 559, T at 3 07, T at 
2 93, and T at 48 5. Ideally these will span a region 
ranging from 14 to 4 0 bases. 

Techniques for the separation of the probe, such as a 
non hybridised labelled probe, from a duplex, which are 

2 0 suitable, are those that separate single stranded and 
double stranded nucleic acid molecules on the basis of 
their chemical properties. An example is the use of a 
heterogenous hybridisation format in which the non 
hybridised probed is separated, typically by washing, from 

2 5 the duplex that is bound to an insoluble matrix. 

The probe may also be linked, typically at or near 
the 5' -terminus to a solid support. Useful supports 
include cross-linked dextran, agarose, polystyrene or 
latex beads about 1 micron to about 5mm in diameter, 

3 0 polyvinyl chloride, polystyrene, cross -linked 

polyacryl amide, nitrocellulose or nylon based webs such a 
sheets, strips etc. 

Further examples are described below: 
(1) Detection of Membrane Immobilized Target Sequences 
3 5 In the Southern blot technique, specific regions of 

DNA are detected by immobilizing the target sequences on a 
membrane. The specific regions of DNA may be prepared by 
PCR amplification, by PCR amplification followed by 
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digestion with restriction endonucleases, or by digestion 
with a restriction endonuclease without PCR amplification. 

Accordingly, in one approach, DNA is first isolated. 
Specific regions of the DNA are then PCR amplified to 
5 generate target sequences that are then analyzed intact. 
Alternatively, the amplified target sequences are then 
subjected to restriction digestion. In another 
alternative, the DNA is cleaved by restriction 
endonucleases to form DNA fragments of discrete molecular 

10 weights. 

The above -generated target sequences are then 
separated according to size in an agarose gel and 
transferred (blotted) onto a nitrocellulose or nylon 
membrane support. Conventional electrophoresis separates 

15 fragments ranging from 100 to 30,000 base pairs while 

pulsed field gel electrophoresis resolves fragments up to 
2 0 million base pairs in length. The location on the 
membrane of a particular target sequence is then 
determined by direct visualization of stained DNA. 

20 Target sequences may then be directly immobilized 

onto a solid-matrix (nitrocellulose membrane) using a 
dot -blot (slot -blot) apparatus, and analyzed by 
probe -hybridi zat ion . 

Immobilised target sequences may be analyzed by 

25 probing with the probe. A probe is typically a synthetic 
DNA oligomer of approximately 2 0 nucleotides, preferably 
17 nucleotides in length. A probe is long enough to 
represent unique sequences in the genome, but sufficiently 
short so that an internal mismatch of sequences of the 

3 0 probe and target sequence destabilises hybridization. 

Thus, any sequences differing at single nucleotides may be 
distinguished by the different hybridisation behaviors of 
probe and target sequences under carefully controlled 
hybridization conditions . 

35 (2) Detection of Target Sequences in Solution 

Several rapid techniques that do not require nucleic 
acid purification or immobilization are useful in the 
methods of the invention. For example, duplexes comprising 
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the probe hybridised to the target sequence may be 
selectively isolated on a solid matrix, such as 
hydroxyl apatite, which preferentially binds 
double -stranded nucleic acids. Alternatively, probe may 
5 be immobilized on a solid support and used to capture 
target sequences from solution. Detection of the target 
sequences can be accomplished with the aid of a second, 
labeled probe that is either displaced from the support by 
the target sequence in a competition type assay or joined. 

10 to the support via the bridging action of the target 
sequence in a sandwich- type format. 

Another suitable method is the oligonucleotide 
ligation assay (OLA) in which the enzyme DNA ligase is 
used to covalently join two synthetic oligonucleotide 

15 sequences selected so that they can base pair with a 
target sequence in exact head- to- tail juxtaposition. 
Ligation of the two oligomers is prevented by the presence 
of mismatched nucleotides at the junction region. This 
procedure allows for the distinction between known 

2 0 sequence variants in samples of cells without the need for 

DNA purification. The joint of the two oligonucleotides 
may be monitored by immobilizing one of the two 
oligonucleotides and observing whether the second, labeled 
oligonucleotide is also captured. 
25 (3) Scanning Techniques for Detection of Base Substitutions 

Three techniques permit the analysis of 
probe/target duplexes several hundred base pairs in length 
for unknown single-nucleotide substitutions or other 
sequence differences. In the ribonuclease (RNase) A 

3 0 technique, the enzyme cleaves a labeled RNA probe at 

positions where it is mismatched to a target RNA or DNA 
sequence. The fragments may be separated according to size 
and the approximate position of the mutation identified. 
In the denaturing gradient gel technique, a 
3 5 probe-target DNA duplex is analyzed by electrophoresis in 
a denaturing gradient of increasing strength. 
Denaturation is accompanied by a decrease in migration 
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rate, A duplex with a mismatched base pair denatures more 
rapidly than a perfectly matched duplex. 

A third method relies on chemical cleavage of 
mismatched base pairs. A mismatch between T and C, G, or 
5 T, as well as mismatches between C and T, A, or C, can. be 
detected, in heteroduplexes . Reaction with osmium tetroxide 
(T and. C mismatches) or hydroxylamine (C mismatches) 
followed by treatment with piperidine cleaves the probe at 
the appropriate mismatch. 
10 d. Polymerase chain reaction techniques 

Polymorphic discrimination can be performed using 
either PGR based single nucleotide polymorphism analysis 
or by designing specific probes to be used in fluorescent 
PCR technology that allows for allellic discrimination. In 
15 both situations, primers/probes would amplify either the 
mutant or wild type y-actin allele. 

B . Nucleic acid molecules 
As described above, in another aspect, the invention 
provides a nucleic acid molecule for inducing in a cell a 
20 resistance to an ant i -microtubule agent comprising: 

(a) a sequence shown in any one of SEQ ID NOS : 1 to 

4 ; or 

(b) a sequence that has at least 8 0 % identity, 
more preferably 85% identity, more preferably 90% 

25 identity, still more preferably 95% identity, yet more 
preferably 99% identity to the sequence shown in SEQ ID 
NO: 1 and wherein nucleotide number 559 is cytosine; or 

(c) a sequence that has at least 8 0 % identity more 
preferably 85% identity, more preferably 90% identity, 

3 0 still more preferably 95% identity, yet more preferably 
99% identity to the sequence shown in SEQ ID NO: 2 and 
wherein nucleotide number 3 07 is thymine; or 

(d) a sequence that has at least 80 % identity more 
preferably 85% identity, more preferably 90% identity, 

35 still more preferably 95% identity, yet more preferably 
99% identity to the sequence shown in SEQ ID NO: 3 and 
wherein nucleotide number 2 93 is thymine; or 
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(e) a sequence that has at least 80 % identity more 
preferably 85% identity, more preferably 90% identity, 
still more preferably 95% identity, yet more preferably 
99% identity to the sequence shown in SEQ ID NO: 4 and 

5 wherein nucleotide number 485 is thymine; or 

(f) a fragment of a molecule according to any one 
of (a) to (e) . 

Nucleotide sequence identity can be determined 
conventionally using known computer programs such as the 

10 Best fit program (Wisconsin Sequence Analysis Package, 

Version 8 for Unix, Genetics Computer Group, University 
Research Park, 575 Science Drive, Madison, Wis. 53711. 
Bestfit uses the local homology algorithm of Smith and 
Waterman, Advances in Applied Mathematics 2: 482-489 

15 (1981) , to find the best segment of homology between two 
sequences. When using Bestfit or any other sequence 
alignment program to determine whether a particular 
sequence is, for instance, 95% identical to a reference 
sequence according to the present invention, the 

2 0 parameters are set, of course, such that the percentage of 

identity is calculated over the full length of the 
reference nucleotide sequence and that gaps in homology of 
up to 5% of the total number of nucleotides in the 
reference sequence are allowed. 

25 In one embodiment, the nucleic acid molecule 

comprises cytosine at nucleotide position 559 and is 
capable of hybridising to a nucleic acid molecule that is 
complementary to the sequence shown in SEQ ID NO : 1 in high 
stringency conditions. 

3 0 In one embodiment, the nucleic acid molecule 

comprises thymine at nucleotide position 307 and is 
capable of hybridising to a nucleic acid molecule that is 
complementary to the sequence shown in SEQ ID NO: 2 in high 
stringency conditions . 
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In one embodiment, the nucleic acid molecule 
comprises thymine at nucleotide position 2 93 and is 
capable of hybridising to a nucleic acid molecule that is 
complementary to the sequence shown in SEQ ID NO : 3 in high 

5 stringency conditions. 

In one embodiment, the nucleic acid molecule 
comprises thymine at nucleotide position 485 and is 
capable of hybridising to a nucleic acid molecule that is 
complementary to the sequence shown in SEQ ID NO: 4 in high 

0 stringency conditions. 

By way of example, and not limitation, a procedure 
using conditions of high stringency is as follows: 
Prehybridization of filters containing DNA is carried out 
for 2 hours to overnight at 65° C. in buffer composed of 

5 6xSSC, 5xDenhardt's solution, and 100 pig/ml denatured 

salmon sperm DNA. Filters are hybridized for 12 to 48 hrs 
at 65° C. in prehybridization mixture containing 100 /xg/ml 
denatured salmon sperm DNA and 5-2 0xl0 6 cpm of 32 P-labeled 
probe. Washing of filters is done at 37° C. for 1 hr in a 

0 solution containing 2xSSC, 0.1% SDS . This is followed by a 
wash in O.lxSSC, 0.1% SDS at 50° C. for 45 min. before 
autoradiography. Other procedures using conditions of high 
stringency would include either a hybridization step 
carried out in 5xSSC, SxDenhardt's solution, 50% formamide 

5 at 42° C. for 12 to 4 8 hours or a washing step carried out 
in 0 . 2xSSPE , 0.2% SDS at 65° C. for 30 to 60 minutes. 

Reagents mentioned in the foregoing procedures for 
carrying out high stringency hybridization are well known 
in the art. Details of the composition of these reagents 

0 can be found in, e.g., Sambrook et al . , 1989, Molecular 
Cloning: A Laboratory Manual; Cold Spring Harbor 
Laboratory, Cold Spring Harbor, N.Y. In addition to the 
foregoing, other conditions of high stringency which may 
be used are well known in the art. 
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The nucleic acid molecule is useful for determining 
whether a human cell or individual is resistant to cell 
death induced by vinblastine or desoxyepothilone B. It is 
also useful for inducing , conferring or otherwise 
5 imparting to a cell a resistance to an anti -microtubule 
agent such as vinblastine and desoxyepothilone B. 

The nucleic acid molecule may be a fragment of the 
molecule shown in any one of SEQ ID NOS : 1 to 4 provided 
that the fragment is capable of determining whether an 
10 individual or human cell is resistant to cell death 
induced by vinblastine or desoxyepothilone B. Such a 
fragment is one that includes a sequence that is 
characteristic of the Ml, M2 , M3 , or M4 genotypes 
described herein. Suitable fragments are those of about 5 0 
15 nucleotides in length. 

The nucleic acid molecules may be produced by 
standard techniques including solid phase synthesis or 
recombinant techniques . 

C . Peptides 

2 0 As described above, in one aspect, the invention 

provides a peptide for inducing in a cell a resistance to 
an anti -microtubule agent comprising: 

(a) a sequence shown in any one of SEQ ID NOS : 5 to 

10; or 

2 5 (b) a -sequence that has at least 8 0 % identity more 

preferably 85% identity, more preferably 90% identity, 
still more preferably 95% identity, yet more preferably 
99% identity to the sequence shown in SEQ ID NO: 5 and 
wherein residue number 187 is histidine; or 

3 0 (c) a sequence that has at least 8 0 % identity more 

preferably 85% identity, more preferably 90% identity, 
still more preferably 95% identity, yet more preferably 
99% identity to the sequence shown in SEQ ID NO: 6 and 
wherein residue number 103 is leucine; or 
3 5 (d) a sequence that has at least 8 0 % identity more 

preferably 85% identity, more preferably 90% identity, 
still more preferably 95% identity, yet more preferably 
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99% identity to the sequence shown in SEQ ID NO: 7 and 
wherein residue number 98 is leucine; or 

(e) a sequence that has at least 8 0 % identity more 
preferably 85% identity, more preferably 90% identity, 

5 still more preferably 95% identity, yet more preferably 
99% identity to the sequence shown in SEQ ID NO: 8 and 
wherein residue number 162 is methionine ; 

(f) a fragment of a peptide according to any one of 
(a) to (e) . 

10 The invention also provides y actin that comprises 

one of the following sequences: (i) DLTHYLMK (SEQ ID NO: 
9) ; or (ii) VAPEEHPVLLTEAPLNPK (SEQ ID NO: 10) ; or 
histidine at amino acid position 187 or leucine at amino 
acid position 103 or leucine at amino acid position no 98 

15 or methionine at amino acid position no. 162. 

The invention also provides a fragment of a y actin 
described above useful for immunising a host to produce an 
antibody for determining whether a cell is resistant to 
cell death induced by vinblastine or desoxyepothilone B . 

20 Such fragments comprise histidine at amino acid position 
187 or leucine at amino acid position 103 or leucine at 
amino acid position no 98 or methionine at amino acid 
position no. 162. Examples of suitable fragments are (i) 
DLTHYLMK (SEQ ID NO: 9) and (ii) VAPEEHPVLLTEAPLNPK (SEQ 

25 ID NO: 10) . 

The peptide and y actin of the invention are useful 
for determining whether a human cell or individual is 
resistant to cell death induced by vinblastine or 
desoxyepothilone B. It is also useful for inducing, 

3 0 conferring or otherwise imparting to a cell a resistance 
to an ant i -microtubule agent such as vinblastine and 
desoxyepothilone B . 

The peptides, y actin and fragments thereof, are 
particularly useful for the production of antibodies for 

35 determining whether a human cell or individual is 
resistant to cell death induced by vinblastine or 
desoxyepothilone B . 
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The peptide may consist of a portion of the sequence 
shown in any one of SEQ ID NOS : 5 to 10. 

The peptides, y actin or fragments thereof, may be 
produced by standard techniques including Merrifield 
5 synthesis or recombinant techniques . 

D . Antibodies 
As described above, in one aspect, the invention 
provides an antibody for binding to a peptide, y actin or 
fragments thereof the invention. The antibody is useful 
10 for determining whether a human cell or individual is 
resistant to cell death induced by vinblastine or 
de s oxyepo t hi 1 one B . 

The antibody may be a monoclonal antibody or a 
polyclonal antibody, for example, a rabbit, goat, horse or 
15 donkey derived anti sera. Alternatively, the antibody may 
be derived by recombinant DNA technology. The antibody 
may be a chimeric antibody, for example, comprising both 
human and murine domains, or it may be a f Ab, dAb, scfv or 
CDR. 

2 0 Anti -sera to the peptides and y actin of the 

invention can be raised by immunisation with the peptides, 
y actin or fragments thereof, described herein according to 
standard techniques . 

E . Compositions 
25 The present invention also provides compositions of 

nucleic acid molecules described above for determining 
whether an individual or human cell is resistant to 
vinblastine or desoxyepothilone B, or for inducing, 
conferring or otherwise imparting to a cell a resistance 

3 0 to an anti -microtubule agent such as vinblastine and 

desoxyepothilone B. 

The compositions may comprise at least one nucleic 
acid molecule for detecting any one of the mutations 
described above. The compositions may be obtained by 
35 conventional nucleic acid procedures, including synthesis, 
isolation, purification, PGR amplification and the like. 
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Alternatively, the compositions may comprise at least 
one peptide, y actin or fragments thereof described above 
and a carrier, diluent or excipient . 

Alternatively, the compositions may comprise at least 
5 one antibody for selectively binding to a peptide, y actin 
or fragments thereof described above and a carrier, 
diluent or excipient 

F. Kits 

The present invention also provides a system, 
10 typically in kit or device form, useful for determining 
whether an individual or human cell is resistant to 
vinblastine or desoxyepothilone B. The kit may also be 
useful for inducing, conferring or otherwise imparting to 
a cell a resistance to an ant i -microtubule agent such as 
15 vinblastine and desoxyepothilone B. 

In one embodiment, the kit comprises, in an amount 
sufficient to perform at least one assay, at least one 
pair of primers comprising a first primer and a second 
primer capable of producing by PCR an amplification 

2 0 product that contains a mutation of the y actin gene 

described above . 

The primers are capably. of amplifying a product from 
a provided nucleic acid sample. The primers are thus 
designed for the amplification of a preselected region of 
25 nucleic acid sequence to allow for the detection of any 
one of the mutations of the y actin gene described above. 

In another embodiment, the kit comprises, in an 
amount sufficient to perform at least one assay, at least 
one probe capable of detection of any one of the mutations 

3 0 of the y actin gene described above. 

In another embodiment, the kit comprises, in an 
amount sufficient to perform at least one assay, at least 
one antibody capable of detection of any one of the 
mutations of the y actin gene described above. 
3 5 The primers, probes or antibodies of the invention 

may be contained in separate containers in the kit. 

The kit may also comprise instructions for use. 
'"Instructions for use 7 ' typically include a tangible 
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expression describing the reagent concentration or at 
least one assay method parameter such as the relative 
amounts of reagent and sample to be admixed, maintenance 
time periods for reagent/ sample admixtures, use of control 
5 polynucleotide sequences, temperature, buffer conditions 
and the like. 

The nucleic acid molecule, primers and probes of the 
kit may be labelled with a detectable label. Radioactive 
elements are useful labelling agents. An exemplary 
10 radial abel ling agent is a radioactive element that 

produces alpha ray emissions. Elements which themselves 
emit alpha rays, such as 32 P, 35 S, and 33 P represent one 
class of alpha ray emission-producing radioactive element 
indicating groups. Particularly preferred is 32 P . Also 
15 useful is a beta emitter, such 11:L indium or 3 H. Non- 
radioactive methods include fluorescent, colourimetric , 
and chemiluminescent detection. 

The antibody of the kit may also be labelled. 

The components of the kit (i.e. including for 

2 0 example, nucleic acid molecules) can be provided in 

solution, as a liquid dispersion or as a substantially dry 
powder, e.g., in lyophilized form. The components of the 
kit may be contained in packaging materials such as those 
customarily utilised in diagnostic systems. For example, 

25 the packaging materials may be a solid matrix or material 
such as glass, plastic (e.g., polyethylene, polypropylene 
and polycarbonate) , paper, foil and the like capable of 
holding within fixed limits a component or container for 
containing a component, of the kit. Thus, for example, a 

30 package can be a bottle, vial, plastic and plastic-foil 

laminated envelope or the like container used to contain a 
component of the kit . 

The kit may comprise a carrier means being 
compartmentalised to receive in close confinement one or 

3 5 more containers such as vials, tubes, the like, each of 

the containers comprising one of more components. 

G. Producing cells resistant to an ant i -microtubule 

agent . 
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As described herein, the inventor has found that the 
mutation of the y actin gene and the y actin protein 
expressed therefrom, confer resistance to anti -microtubule 
agents such as vinblastine, desoxyepothilone B and 
5 paclitaxel upon a cell. This finding has useful 

application particularly in the circumstance where there 
is a need to minimise or avoid the side effects that are 
observed in cancer therapy with these compounds . 

Thus in one aspect, the invention provides a method 

10 for inducing, conferring or otherwise imparting to a cell, 
a resistance to an anti -microtubule agent. The method 
comprises the step of providing in a cell, a nucleic acid 
molecule encoding a mutant y actin, or providing in a cell, 
a mutant y actin. 

15 In another aspect the invention provides a method for 

inducing, conferring or otherwise imparting to a cell, a 
resistance to vinblastine comprising providing in a cell: 

(a) a y actin wherein residue number 187 is 
histidine; or 

20 (b) a y actin wherein residue number 103 is 

leucine; or 

(c) a nucleic acid molecule that encodes y actin 
wherein nucleotide number 55 9 is cytosine; or 

(d) a nucleic acid molecule that encodes y actin 
25 wherein nucleotide number 307 is thymine. 

In another aspect the invention provides a method for 
inducing, conferring or otherwise imparting to a cell, a 
resistance to desoxyepothilone B comprising providing in a 
cell : 

30 (a) a y actin wherein residue number 98 is leucine; 

or 

(b) a y actin wherein residue number 162 is 
methionine; or 

(c) a nucleic acid molecule that encodes y actin 
3 5 wherein nucleotide number 2 93 is thymine; or 

(d) a nucleic acid molecule that encodes y actin 
wherein nucleotide number 485 is thymine. 
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Typically the ant i -microtubule agent is one selected 
from the group consisting of vinblastine, desoxyepothilone 
B, vincristine and paclitaxel . 

Where a resistance to vinblastine is to be induced in 
5 a cell, typically the nucleic acid molecule comprises the 
sequence shown in any one of SEQ ID NO . s : 1 or 2 . The 
mutant y act in typically comprises the sequence shown in 
any one of SEQ ID NO . s : 5 or 6 . 

Where a resistance to desoxyepothilone B is to be 
10 induced in a cell, typically the mutated y act in nucleic 
acid molecule comprises the sequence shown in any one of 
SEQ ID NO . s : 3 or 4 . The mutated y actin typically 
comprises the sequence shown in any one of SEQ ID NOS : 7 
or 8 . 

15 Other examples of nucleic acid molecules that encode 

a mutant y actin for use in this aspect of the invention 
are described above. 

Typically, the mutated y actin nucleic acid molecule 
is provided in the cell by introducing a vector or genetic 

2 0 construct comprising the nucleic acid molecule into the 

cell. The vector is preferably a plasmid or retrovirus 
vector. Vectors typically contain a promoter to direct 
transcription, a ribosome binding site for translational 
initiation, and a transcription/translation terminator. 
25 Examples of suitable vectors, processes for introducing a 
nucleic acid molecule to be expressed by the vector into 
the vector and processes for obtaining amounts of the 
vector useful for introducing the vector into a cell are 
described herein and in US Patent no. 5,851,819. 

3 0 The cells in which resistance to an ant i -microtubule 

agent is induced are mammalian cells, preferably human 
cells, more preferably bone marrow cells, embryonic stem 
cells, or cells of the gastrointestinal tract. Processes 
for introducing a nucleic acid molecule into bone marrow 
35 cells and other tissues and processes for identifying 

cells containing an introduced nucleic acid molecule are 
described herein and in US patent no. 5,851,819. 
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Processes for identifying resistance to an anti- 
microtubule agent are described herein and also in US 
patent no. 5,851,819. 

In another aspect the invention provides a method for 
5 treating an individual for cancer with an ant i -microtubule 
agent comprising providing in a non cancerous cell of the 
individual, a peptide having a sequence shown in any one 
of SEQ ID NO.s: 5 to 10, or a nucleic acid molecule 
comprising a sequence shown in any one of SEQ ID NOS : 1 to 

10 4, to induce, confer or otherwise impart to the non 

cancerous cells, a resistance to ant i- microtubule agent. 
In one embodiment the method comprises the step of 
isolating non cancerous cells from an individual, 
providing in the non cancerous cells a peptide having a 

15 sequence shown in any one of SEQ ID NOS: 5 to 10, or a 

nucleic acid molecule comprising a sequence shown in any 
one of SEQ ID NOS: 1 to 4 , to induce, confer or otherwise 
impart to the non cancerous cells, a resistance to anti- 
micro tubule agent, returning the isolated non cancerous 

2 0 cells to the individual and treating the individual with 
the anti -microtubule agent. The method may comprise the 
further step of monitoring the level of resistance of 
cells of the individual to an anti -microtubule agent. 

EXAMPLES 

2 5 EXPERIMENTAL PROCEDURES 

Cell Culture 

Human T-cell acute lymphoblastic leukaemia cells, 
CCRF-CEM, and drug resistant sublines, CEM/VCR R 
(vincristine-selected) and CEM/VLB100 (vinblastine- 

30 selected) , and CEM/dEpoB IX, CEM/dEpoB 2X, CEM/dEpoB 4X, 
CEM/dEpoB 10X (desoxyepothilone B- selected) , were 
maintained in RPMI 1640 containing 10% FCS as suspension 
cultures. The CEM/VCRR are 22,600-fold and CEM/VLB10 0 are 
6,667-fold resistant to vincristine and vinblastine 

35 respectively. Cells were harvested for protein analysis 
by centrifugation at 150 0rpm for 5min. 
Two-dimensional polya.cTyla.mide gel electrophoresis 
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Cells were washed three times in PBS and resuspended 
in buffer 1 "(7M urea, 2M thiourea, 2% CHAPS , 1% 
sulfobetaine 3-10, 1% amidosulf obetaine-14 , 2mM TBP, 65mM 
DTT, 1% carrier ampholyte 3-10, 1% carrier ampholyte 4-6, 
5 0.01% bromophenol blue) to a final concentration of Img/ml 
as determined by amino acid analysis. Cells were lysed by- 
pulse sonication twice for lOsec on ice. Endonuclease 
(Sigma) (lunit/ug protein) was added and incubated at room 
temperature for 3 0min. Protein extracts were centrifuged 

10 at 18,000 X g for 12min and the supernatant collected. 

Narrow range immobilised pH gradient (IPG) strips, pH 4.5- 
5.5 (Pharmacia, Upswala, Sweden), were rehydrated in 500|al 
buffer 1. Protein (lOOjag analytical, 500|ag preparative 
gels) was cup-loaded and isoelectric focused for 150,000Vh 

15 on a Multiphor II apparatus (Pharmacia, Upswala, Sweden) . 
IPG strips were equilibrated for 3 0min in 6Murea, 2% SDS, 
0.375M Tris-HCl (pH 8.8), 20% glycerol, 5mM TBP, 2.5% 
acrylamide and embedded in 0.5% agarose on top of 20 x 
18cm 8-18%T polyacryl amide gels. SDSPAGE was performed at 

2 0 2 0mA/gel 16hr at 4°C . Analytical gels were stained with 

SYPRO Ruby (Biorad, CA) or transferred to nitrocellulose 
(see below) . Preparative gels were stained with colloidal 
coomassie G250. Relative levels of protein expression was 
determined on SYPRO Ruby stained gels using the 23 Image 
25 Analysis program (Compugen Israel) . All 2D-gel 
experiments were run in triplicate. 
Iwmun obi otti ng 

For specific protein detection analytical 2D-gels 
were transferred to nitrocellulose using standard methods. 

3 0 Actin was detected using polyclonal antibodies to total 

actin (1:2,000, Sigma), and a monoclonal antibody to 0- 
actin (1:5,00 0) . Following incubation with a donkey anti- 
rabbit or sheep anti-mouse horseradish-peroxidase- linked 
antibody respectively, membranes were developed using 
3 5 Supersignal (Pierce, Rockf ord, IL) . 
MALiDI-TQF Mass spectrometry 

Spots were excised from coomassie stained preparative 
gels, washed twice in 2 5mM NH4HCO3 , 50% AcN, spun dry and 
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in gel trypsin digested in lOng/fxl trypsin (Promega) in 
2 5mM NH4HCO3 for 16 hours at 37 °C. Peptides were extracted 
from the gel with 50% (v/v) acetonitrile, 1% (v/v) TFA 
solution. A 1/UL aliquot was spotted onto a sample plate 
5 with iptL of matrix (a-cyano-4-hydroxcinnamic acid, 8mg/mL 
in 50% v/v AcN, 1% v/v TFA) . Matrix assisted laser 
desorption ioni sat ion- time of flight (MALD1 -TOF) mass 
spectrometry acquisition was performed on a TofSpec 2E 
mass spectrometer (Micromass , Manchester, UK) set to 

10 reflectron mode. Known trypsin auto-cleavage peptide 
masses (842 . 51Da; 2211 . lODa) were used for a 2 -point 
internal calibration for each spectrum. 
ESI-TOF Tandem Mass Spectrometry 

Upon analysis of MALDI-TOF mass spectra, peptides 

15 were selected for amino acid sequencing by ESI-TOF MS/MS. 
After in-gel trypsin digestion, the peptides were purified 
using a porous R2 resin column. The sample was then 
analysed by ESI-TOF MS/MS using a Micromass Q-TOF MS and 
data manually acquired using borosilicate capillaries for 

20 nanospray acquisition. Data was acquired over the m/z 
range 400-1800Da to select peptides for MS /MS analysis. 
After peptides were selected, the MS was switched to MS /MS 
mode and data collected over the m/z range 50- 2 00 0Da with 
variable collision energy settings. 

25 Partial sequencing of y actln cDNA 

Partial sequencing of y-actin cDNA was performed in 
CCRF/CEM, CEM/VCR R, CEM/VLB100, and the CEM/dEpoB 4X 
cells using primers G-Act IF: ATGGAAGAAGAGATCGCCGC and G- 
Act 654R: TCGGCCGTGGTGGTGAA . cDNA was amplified in IX 

30 amplification buffer, 0.75mM dNTPs , 62r|g G-Act IF, 62r|g G- 
Act 654R, pfu-turbo polymerase in a total reaction volume 
of 20\xl , using the following PCR cycling: 96°G lmin, 35 X 
(9 6°C lmin, 64°C lmin, 72°C 45sec) , 72°C lOmin. Amplified 
cDNA was purified using the QIA Filter Gel Extraction Kit 

35 (Quiagen, Hilden, Germany) and sequenced using 
fluorescence based cycle sequencing with BigDye 
terminators (PE Biosystems, Foster City, CA) . Sequences 
were analysed by the Automated Sequencing Facility, 
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Biological Sciences, University of NSW. The yactin 
sequence of the resistant cell lines was compared with 
that of the parental CEM cell line and the published 
sequence . 
5 Modeling of j-a.ct.ln. structure 

Actin modelling was generated from the actin 
structure (PDB# 1ATN) using the Insight II modelling 
program (Molecular Simulations Inc.). 
Fluorescent Microscopy 

10 Cells were centrifuged onto glass slides and fixed, in 

3.7% formaldehyde for lOmin and permeabilized in 0.1% 
triton X-10 0 for 3min. For detection of total filamentous 
actin, cells were incubated in 5 fig /ml FITC-Phalloidin for 
1 Omin . For immunofluorescence, cells were blocked in 10% 

15 FCS/PBS for 2 Omin, and incubated in primary antibody 

(1:250 y-actin; 1:500 a-tubulin) at 37°C in a humidified 
chamber for 45min. After repeated washes cells were 
incubated in secondary antibody (1:1000 anti-Sheep Alexa 
48 8 conjugate and/or Rabbit -anti -mouse Cy3 conjugate) . 

2 0 All slides were washed extensively in PBS or 5% FCS/PBS 

between each step. Finally slides were mounted with DAPI 
for nuclear staining. Epif luorescence imaging was 
performed using a Zeiss Axioscope 10 0 and a cooled CCD 
camera . 

25 Sepa.ra.tion of soluble and filamentous actin. 

G-actin plus short actin filaments (soluble) and the 
larger actin filaments (insoluble) were separated by 
detergent extraction and centrif ugat ion, with or without 
the addition of 5 ixM cytochalasin D to the lysis buffer. 

3 0 Relative levels of soluble and insoluble actin were 

detected by immunoblotting with a total actin antibody. 
Percentage insoluble actin was calculated as the 
densitometric value of the insoluble fraction divided by 
the total densitometric value of the insoluble plus 
35 soluble fraction of three independent experiments. 
Construction of mutant y-a.ctin expression plasmids . 

Site directed mutagenesis for each of the four y- 
actin mutations was performed on a full length y-actin cDMA 
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sequence in the Okayama-Berg vector, using the GeneEditor™ 
in vitro site-directed mutagenesis system (Promega) 
according to the manufacturers instructions. The y-actin 
sequence was then cloned into the pcDNA3 . 1 ( - ) vector using 
5 standard procedures . 

Stable trans feet ion of y-actin constructs . 

DMA (1 jug) was transfected into subconfluent NIH3T3 
mouse fibroblast cells using the Fugene (Roche) 
transfection reagent according to the manufacturer's 

10 instructions. Stable transf ectants were selected in lmgml -1 
G418 for 16 days. Levels of y-actin expression were 
determined by immunoblott ing as described above. 
Drug Resistance Assays. 

The ability of mutant y-actin to confer resistance to 

15 antimicrotubule agents was determined using clonogenic 
assays with slight modifications. MIH3T3 mutant y-actin 
transf ectant cells were seeded at 100 cells/well in 
replicate wells of a 24 -well dish containing increasing 
concentrations of VLB. The media was replaced after 3 days 

20 with drug-free DME/10%FCS. After a further 4 days the 

media was removed and colonies stained with 0.1% crystal 
violet. The densitometric volume of each well was 
determined using the Quantity One software package 
(Biorad) and expressed relative to the respective drug- 

25 free control cells. The concentration that kills 50% of 

cells (ID50) and statistical analyses were then performed. 
The relative resistance was determined by dividing the 
ID50 of each y-actin transfectant cell line with the 1D50 
of the empty vector cells. 

3 0 Drug treatment and immunofluorescence. 

NIH3T3 mutant y-actin transfectant cells were grown 
to -80% confluency in 4 -well chamber slides (Nalge Nunc 
International, Naperville, IL) and treated with either 
0.5% DMSO (vehicle control), 10 /xM VLB, or 10 /xM dEpoB , 

3 5 for 30min, prior to immuno staining for total a- tubulin 
using standard methods. Epif luorescence imaging was 
performed using a Zeiss Axioscope 100 linked to a cooled 
CCD camera . 
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RESULTS & DISCUSSION 

To investigate the mechanisms involved in resistance 
to vinblastine or desoxyepothilone B (dEpoB) , the 
differential gene and protein expression between 
5 vinblastine or dEpoB -sensitive and -resistant cell lines 
was studied.. 

1. Numerous protein changes are associated with, 
vinblastine resistant ALL cell lines. 

Total cellular proteins from CEM, VCRR and VLB10 0 
10 cell lines were separated by 2D PAGE . The use of 

overlapping narrow pH ranges allowed for the separation of 
8575 proteins, in contrast to 1136 proteins separated in 
the same pH range on a broad 3-10 IPG (Table 1) . Analysis 
of proteins in the pH 4.5-5.5 region identified numerous 
15 differentially expressed proteins between the drug 
sensitive and drug resistant cell lines. 

2 . Vinblastine resistant leukaemia cells express an 
extra more basic actin isoform. 

Of particular interest was the high level expression 

20 of a y-actin isoform observed only in the VLB100 cells spot 
19 (data not shown) . This protein was initially identified 
as y-actin by PMF . p- and y-actin differ in only four 
residues at their N-terminus, thus confirmation of the PMF 
identification was obtained by MS/MS sequencing of the N 

25 terminal peptide (peptide 1912. 8Da) in spot 19 (data not 

shown) . The sequence matched to that of y-actin. Spot 15 
was identified as p-actin and spot 16 as y-actin in all 
three cell lines by PMF (data not shown) . Further 
confirmation was obtained by immunoblotting . p-actin was 

3 0 detected as a single protein spot in all three cell lines 
(data not shown) . However, when a pAb for total actin is 
used, the spot corresponding to y-actin protein is detected 
in CEM and VCR R cells, whilst two distinct y-actin spots 
are detected in VLB100 cells (data not shown) . 

3 5 The expression levels of the three major actin spots 

were measured (data not shown) . p- and y-actin in CEM and 
VCR R cells are expressed at very similar levels. The 
same isoelectric forms of p- and y- actin in VLB100 cells 
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show a 1.7 and 2.0 fold decrease in expression 
respectively, compared to CCRF-CEM. Although VLB100 cells 
express an extra isoform, y' -act in, the total actin 
expression in not significantly changed compared to the 
5 CEM or VCR R cells. 

p- and y-actin can both regulate the expression of 
their co-expressed isof orms, thus the decrease in and y- 
actin isoforms in the VLBlOOcells is likely to be in 
compensation for the high expression of the y' -actin 

10 isoform. However, the ratio of p- to y-actin is highly- 
regulated and tissue specific in normal cells, suggesting 
that the two isoforms have functional diversity. 
Alterations in this ratio have been identified in the 
human ALL cell line, MOLT4, with an increase in expression 

15 of y-actin to P-actin than normal T-lymphocytes and in 

chemically transformed human osteosarcoma HOS fibroblasts 
with a concomitant increase in tumorigenic potential. The 
ratio of p~ to y-actin in the CEM and VLB100 cells is 
2.7:1. Including both y- and y' actin isoforms, the ratio 

20 of p- to y-actin in VLB100 cells is 1:1. 

3 . Vinblastine resistant cells express two mutant y- 

actin proteins. 

The approximate pi for the P-actin spot is 5.29, for 
the "normal" y-actin is 5.31, and for the spot 19 found 

2 5 only in the VLB10 0 cells is 5.46. To determine the cause 

of the isoelectric shift seen for spot 19, MS /MS was 
performed on peptides showing different masses between the 
y- and y' -actin. Two peptide mass differences were seen by 
MALDI-TOF MS: peptides at 1968. IDa and 998. 5Da in y-actin; 
30 peptides at 1020.6 and 1954. IDa in y' -actin (data not 

shown) . The amino acid sequence of these peptides shows 
that peptide 998. 5Da, DLTDYLMK, from spot 16VLB100 y-actin 
matches to the published y- actin sequence aal84 to 191, 
whilst the 1020 . 6Da peptide from VLB100 y' -actin (spotl9) , 

3 5 DLTJ3YLMK, was the same peptide with a mutation of Dist 

-»Hi87. Similarly, peptide 1954. IDa from y' -actin (spot 
19), VAPEEHP VLLTEAPLNPK , matched the published sequence 
between residues 96 to 113, and 1968. IDa from spot 16 , 
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VAPEEHPIi/ XLLTEAPLNPK was found to be the same peptide but 
with a mutation of V103 -»Ij/Iio3. As leucine and isoleucine 
differ by O.OlDa mass, these two amino acids cannot be 
distinguished using MS/MS. Sequencing of the 998 . 5Da and 
5 1954 . IDa peptides in CEM and VCR R revealed no changes 
from the published sequence. Confirmation of these 
mutations was obtained by cDNA sequencing (data not 
shown) . cDNA sequencing of y-actin from these cell lines 
detected heterozygous mutations G -> C (DiB7 -> H137) , and G 

10 — > T (V103 — > L103) . A silent mutation of G — > A was also 

identified in VLB100 cells. No differences were found in 
the CEM and VCRR cells to that of the published sequence. 
Thus y' -actin (spot 19) harbours a substitution of aspartic 
acid, a positively charged amino acid, for histidine, a 

15 neutral amino acid, resulting in a more basic isoelectric 
point and hence the basic charge shift seen by 2D- PAGE . 
The substitution of a valine to a leucine does not change 
the charge on the protein and thus VLB100 y-actin (spot 16) 
migrates to the same position as the wild type y-actin in 

20 CEM and VCRR cells. 

There have been no reports to date of y-actin 
mutations associated with drug resistance. A mutant y-actin 
was found in the human promyelocytic cell line, HL60. 
Expression of a mutant p-actin (Gly244 — »Asp244) was 

25 identified in a transformed, tumorigenic fibroblast cell 
line, Hut-14. Transfection of this mutant p-actin into a 
transformed, but non- tumirogenic cell line, induced 
morphological changes and tumourigenicity in these cells, 
with a positive correlation of mutant p-actin expression 

30 and extent of tumorigenicity . A variant p-actin has also 
been linked to decreased metastasis of mouse B16 melanoma. 
Numerous alterations in actin-binding proteins have also 
been associated with cell transformation and 
tumorigenesis . 

35 4. The Di87— >Hi87 mutation in VLB100 y-actin resides in the 
ATP -binding domain . 

Modelling of the y-actin mutations revealed that D187 
~>Hi8? resides within subdomain IV (data not shown) . As 
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subdomain IV is at small radius within the filament, it 
has been suggested that even minor changes in this domain 
may have major structural and stability effects on the 
polymer. This mutation is also in close proximity to the 
5 ATP binding cleft of the protein. The V103 ->Lios mutation 

lies within subdomain I. This is thought to be the site of 
various act in -binding proteins . 

5. The actin cytoskeletoxx is structurally different in 
vinblastine resistant cells, 

10 As multiple changes in actin expression were identified in 
the vinblastine resistant cells, we analysed the structure 
of the actin cytoskeleton by fluorescent microscopy (data 
not shown) . Staining for total filamentous actin revealed 
marked differences between the three cell lines. All 

15 cells exhibit filamentous extensions, or microspikes, 
protruding from the plasma membrane, however, in the 
VLB100 cells, they are now much thinner, longer, and more 
hair-like than the parental cells. Specifically staining 
for y-actin shows similar cytoskeletal structures as total 

20 actin staining in the CEM cells. The VLB100 cells display 
very few visible microspikes with the y-actin antibody, and 
have a granulated staining appearance . As a control for 
cytoskeletal integrity, cells were also stained for a- 
tubulin (data not shown) . 

25 6. Detection of y-actin mutations in desoxyepothilone B 
resistant CEM cells. 

Desoxyepothilone B (dEpoR) is a relatively new anti- 
micro tubule agent showing great promise in vivo. dEpoB 
shares a common cellular mechanism of action with taxol, 

30 stabilizing microtubules thus leading to mitotic arrest 
and eventually cell death. One of the most important 
properties of the epothilones is the.ir lack of cross- 
resistance to multi-drug resistant cells. Thus cell lines 
resistant to dEpoB must have alterations other than Pgp, 

35 giving rise to the resistance phenotype . To understand 
the mechanisms of resistance to dEpoB, we developed a 
range of resistant cell lines to this agent. 2D -PAGE 
analysis of CEM cells selected for resistance to 130|uM 



SUBSTITUTE SHEET (RULE 26) RO/AU 



WO 2004/083239 



PCT/AU2004/000331 



40 

dEpoB detected a new y-actin spot at slightly lower 
molecular weight than the wild type y-actin in the parental 
CEM cells. This isoform is expressed at similar levels to 
the higher molecular weight isoform. cDNA sequencing 
5 identified two heterozygous mutations in these cells (Pse 
— > Lss ; Tis2— >Mi62 . These mutations were confirmed at the 
protein level by mass spectrometry. The wild type sequence 
has a peptide mass of 1954.1 Da and the mutant P98L is 
1970.1. The T162M mutant has a peptide at 3245 . G in 

10 contrast to the wildtype at 3199.6. The p98L mutation is 
just 5 residues away from the V103L mutation found in the 
VLB10 0 cells. The T162M is 25 residues from D187H in 
VLB100 cells, however still resides within subdomain IV 
and is in closer proximity to the ATP binding site. Thus 

15 we have identified two mutations in y-actin in two ALL cell 
lines selected for resistance to ant i- microtubule agents. 
This is the first report of y-actin mutations associated 
with drug resistance. 

7. Inducing resistance to ant i -microtubule agents with. 

2 0 mutant y actin. 

To test the functional significance of these 
mutations we transfected each y-actin mutant, together with 
the two mutant combinations identified in the resistant 
cells, into NIH3T3 mouse fibroblast cells. Expression of 
25 either wild-type or mutant y-actin resulted in only a 

modest increase in the expression of total y-actin (data 
not shown) . This is to be expected because the levels of 
actin in the cell are subject to autoregulation and 
expression from the exogenous gene is competing with the 

3 0 endogenous S- and y-actin genes for contribution to the 

total actin pool. Importantly, expression of mutant y-actin 
was sufficient to provide resistance to anti microtubule 
drug treatment (data not shown) . Cells transfected with 
mutant y-actin display far greater clonogenic cell survival 
35 than either the empty vector or wildtype y-actin cells 
(data not shown) . The P98L mutant is over 3 -fold (P < 
0.05) and V103L mutant is over 2 -fold resistance (P < 
0.05) to VLB compared to the empty vector and wildtype y- 
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actin cells (data not shown) . Cells expressing the double 
mutants show similar resistance as the P98L and V103L 
mutants alone, suggesting that the mutations do not have 
an additive effect and that the mutations in subdomain 1 
5 of y- act in (data not shown) play a predominant role in 

resistance to ant imicro tubule drugs. The T162M and D187H 
mutants exhibit similar survival as the control cells 
(data not shown) . This may be because a higher expression 
of these mutants is required for an observable effect . 

10 Similar resistance profiles were observed in cells treated 
with dEpoB or with paclitaxel (data not shown) indicating 
that the y- actin mutations provide resistance to a wide 
variety of anti microtubule agents. 

To investigate how the y-actin mutations protect 

15 against the action' of anti -microtubule agents, cells were 
treated with vinblastine or dEpoB and the microtubules 
analysed by fluorescence microscopy (data not shown) . A 
normal microtubule network is observed in all untreated 
cells. In empty vector and wild type expressing cells, 

20 both VLB and dEpoB causes marked structural changes. The 
cell shape is disrupted and extensive cell rounding is 
observed. Remarkably the mutant y-actin transf ectants 
retain their basic cell shape and substratum adhesion, and 
the microtubule network remains largely intact following 

25 exposure to these anti microtubule drugs (data not shown) . 
Interestingly, the T162M and D187H mutants also retain 
their cell shape however these cells did not show 
significant resistance using the clonogenic assay. These 
results indicate that wild type y-actin is required for 

3 0 anti microtubule- induced cell contraction and cell death, 
or that the mutations in y-actin are able to provide 
structural support to the microtubules, which in turn 
resist the impact of the antimicrotubule drugs. This is 
the first evidence that mutations in actin directly affect 

35 the response of cells to antimicrotubule agents and 

demonstrate that alterations in the actin cytoskeleton can 
profoundly affect the dynamics of the microtubule system. 
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Table 1. Total number of spots separated in each pH range 
2D-gel 



PH Range 2D -gel 


No. spots 


3-10 


1136 


4-7 


2428 


4.5-5.5 


2238 


5.0-6.0 


3047 


5.5-6. 7 


1826 


6.0-9.0 


1464 
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We claim 

1. A peptide for inducing in a cell a resistance 
to an ant i- microtubule agent comprising: 

(a) a sequence shown in any one of SEQ ID NO . s : 5 
5 to 10; or 

(b) a sequence that has at least 80% identity to 
the sequence shown in SEQ ID NO: 5 and wherein residue 
number 187 is histidine; or 

(c) a sequence that has at least 80% identity to 
10 the sequence shown in SEQ ID NO: 6 and wherein residue 

number 103 is leucine; or 

(d) a sequence that has at least 80% identity to 
the sequence shown in SEQ ID NO: 7 and wherein residue 
number 98 is leucine; or 

15 (e) a sequence that has at least 80% identity to 

the sequence shown in SEQ ID NO: 8 and wherein residue 
number 162 is methionine; or 

(f) a fragment of a peptide according to any one of 
(a) to (e) . 

2 0 2. A nucleic acid molecule that encodes a peptide 

according to claim 1 . 

3. A nucleic acid molecule for inducing in a cell 
a resistance to an anti -microtubule agent comprising: 

(a) a sequence shown in any one of SEQ ID NO . s : 1 
2 5 to 4; or 

(b) a sequence that has at least 8 0 % identity to 
the sequence shown in SEQ ID NO: 1 and wherein nucleotide 
number 55 9 is cytosine; or 

(c) a sequence that has at least 8 0 % identity to 
30 the sequence shown in SEQ ID NO: 2 and wherein nucleotide 

number 3 07 is thymine; or 

(d) a sequence that has at least 8 0 % identity to 
the sequence shown in SEQ ID NO: 3 and wherein nucleotide 
number 2 93 is thymine; or 

35 (e) a sequence that has at least 80 % identity to 

the sequence shown in SEQ ID NO: 4 and wherein nucleotide 
number 485 is thymine; or 
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(f) a fragment of a molecule according to any one 
of (a) to (e) . 

4 . A vector comprising a nucleic acid molecule 
according to claim 3 . 
5 5. A cell comprising: 

(a) a peptide according to claim 1; or 

(b) a nucleic acid molecule according to claim 3; 

or 

(c) a vector according to claim 4. 

10 5. A method for inducing in a cell a resistance to 

an ant i -microtubule agent comprising the step of providing 
in a cell, a nucleic acid molecule that encodes a mutant y 
act in, or providing in a cell, a mutant y actin. 

6. A method for producing a cell that is resistant 
15 to an anti -microtubule agent comprising the step of 

providing in a cell, a nucleic acid molecule that encodes 
a mutant y actin, or providing in a cell, a mutant y actin. 

7. A method for treating an individual for cancer 
with an anti -microtubule agent comprising the step of 

2 0 providing in a non cancerous cell of the individual, a 

nucleic acid molecule that encodes a mutant y actin, or 
providing in a non cancerous cell, a mutant y actin, to 
induce in the non cancerous cell, a resistance to an anti- 
microtubule agent . 
25 8- A method for determining whether a compound is 

capable of treating a cell having a drug resistance 
phenotype comprising the steps of: 

providing in a cell a nucleic acid molecule that 
encodes a mutant y actin, or providing in a cell, a mutant 

3 0 y actin, to induce in the cell, a resistance to an anti- 

mi crotubule agent; and 

contacting the cell with the compound to determine 
whether the compound is capable of treating the cell. 
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SEQUENCE LISTING 

<11Q:> Children's Cancer institute Australia for Medical Research 

<120> DETERMINING DRUG RESISTANCE 

<13Q> 580668522 ;T«S 

<150> 2003901239 

<1S1> 2003-03- IS 

<160> 10 

<l?Tb* Patentin version 5-2 

<210> 1 

<211> 1S4S 

<212> DMA 

<213^ Homo sapiens 



<40Q> 1 
at€jgaagaa.g 


agatcgccgc 


gctggtcatt 


gacaatggct 


ccggcatgtg 


caaagctggt 


60 


tttgctgggg 


acgacgctcc 


ccgagccgtg 


tttccttcca 


tegtegggeg 


ccccagacac 


120 


cagggegtea 


tggtgggcat 


gggccagaag 


gactcctacg 


^999cgacga 


ggcccagagc 


180 


aagcgtggca 


tcctgaccct 


gaagtacccc 


attgagcatg 


gcatcgtcac 


caactgggac 


240 


gacatggaga 


agatctggca 


ccacaccttc 


tacaacgagc 


tgcgcgtggc 


cceggaggag 


300 


cacccagtgc 


tgetgacega 


ggcccccctg 


aaccccaagg 


ccaacagaga 


gaagatgact 


360 


cagattatgt 


txgagacctt 


caacaccccg 


gccatgtacg 


tggccatcca 


ggccgtgctg 


420 


tccctctacg 


cctctgggcg 


caccactggc 


attgtcatgg 


actctggaga 


cggggtcacc 


480 


cacacggtgc 


ccatctacga 


gggctacgcc 


cteccccacg 


ccatcctgcg 


tctggacctg 


S40 


cfctggccggg 


acctgaccca 


ctacctcatg 


aagatcctca 


ctgagegagg 


ctacagcttc 


600 


accaccacgg 


ccgagcggga 


aatcgtgcgc 


gacatcaagg 


agaagctgtg 


ctacgtcgcc 


660 


ctggacttcg 


agcaggagat 


ggccaccgcc 


gcatcctcct 


cttctctgga 


gaagagctac 


720 


gagctgcccg 


atggccaggt 


catcaccatt 


ggcaatgagc 


ggttccggtg 


teeggaggeg 


780 


ctgttccagc 


cttccttcct 


gggtatggaa 


tettgeggea 


tccacgagac 


caccttcaac 


840 


tccatcatga 


agtgtgac9t 


ggacatccgc 


aaagacctgt 


acgccaacac 


ggtgc-tgtcg 


900 


ggcggcacca 


ccatgtaccc 


gggcattgee 


gaeaggatge 


agaaggagat 


caccgccctg 


960 


gcgcccagca 


ccatgaagat 


caagatcatc 


gcacccccag 


agegcaagta 


ctcggtgtgg 


X020 


atcggtggct 


ccatcctggc 


ctcactgtcc 


accttccagc 


agatgtggat 


tagcaagcag 


1080 


gagtacgacg 


agttgggccc 


ctccatcgtc 


caccgcaaat 


gcttctaaac 


ggactcagca 


1140 


gatgegtage 


arttgetgea 


tgggttaatt 


gagaatagaa 


atttgcccct 


ggcaaatgea 


1200 


cacacctcat 


gctagcctca 


cgaaactgga 


ataagectte 


gaaaagaaat 


tgtccttgaa 


1260 


gcttgtatct 


gatatcagca 


ctggattgta 


gaacttgttg 


ctgattttga 


ccttgtattg 


1520 


aagttaactg 


ttccccttgg 


tatttgttta 


ataccctgta 


catatctttg 


agttcaacct 


13 SO 


ttagtac^tg 


tggcttggtc 




ta&ggtaaga 
Page 1 


acgtgcttg* 


ggaagacaaa 


1440 
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tctgtggctt ggtgagtctg tgtggccagc agcctctgat ctgtgcaggg tatraacgtg 1500 

tcagggctga gtgrtctg$g atttctctag aggctggcaa gaaccagttg ttttgtcttg 1560 

cgggtctgtc agggttgg&a agtccaagcc gtaggaccca gtttcctttc trtagctgatg 1620 

tctttggcca gaacaecgt§ ggctzottact tgctttgagt tggaagcggt ttgcatttac 1680 

gcctgraaat gtatrcattc ttaatttatg taaggttxtt tttgtaegca attctcgatc 1740 

ctttgaagag atgacaacaa attttggttt tctactgtta tgtgaga&ra ttaggcccca 1BQ0 

gcaaeacgtc attgtgtaag gaaaaataaa agtgctgccg taacc 1845 

^210> 2 

<2X%> 1845 

<212> DMA 

<213> Homo sapiens 

<40Q> 2 

atggaagaag agatcgccgc gctggtcatt gacaatiggct cc$gcatgtg caaagctggt 60 

tttgctgggg acgacgctcc ccgagccgtg ttxccxTcca tcgtcgggcg ccccagacac 120 

cagggcgtca tiggtgggcat gggccagaag gactcctacg tgggegacga ggcccagagc X80 

aagcgtggca tccrgacccT gaagtacccc artgagcatg gcatcgtcae caactgggac 240 

gacatggaga agatctggca ccacaccttc tacaacgagc tgcg.cgtggc cccggaggag 300 

cacccattgc tgctgaccga ggcccccctg aaccccaagg ccaacagaga gaagatgact 360 

cagattatgt ttgagacctt caacaccccg gccatgtacg tggccatcca ggccgtgctg 420 

tccctctacg cctctgggcg caccactggc attgtcatgg acrctggaga cggggtcacc 480 

cacacggtgc ccatctacga gggctacgcc ctcccccacg ccatcctgcg tcrtggacctg 540 

gctggccggg acctgaccga ctacctcatg aagatcctca ctgagcgagg ctacagcttc 600 

accaccacgg ccgagcggga aatcgtgegc gacatcaagg agaagctgtg ctacgUcgcc 660 

ctggacttcg agcaggagat ggccaccgcc gcatcctccr ctrctctgga gaagagctac 720 

gagctgcccg atggccaggt catcaccatt ggeaatgagc ggttccggtg tccggaggcg 780 

ctgttccagc cttccttcct gggtatggaa tcttgcggca tccacgagac caccttcaac 840 

tccatcatga agtgtgacgt ggacatccgc aaagacctgt acgccaacac ggtgctgtxg 900 

ggcggcacca ccatgtaccc gggcaxtgtx gacaggatgc agaaggagat caccgccccg 960 

gcgcccagca ccatgaagat caagatcatc gcacccccag agegcaagna ctcggtgtgg 1020 

atcggtggct ccatcctggc ctcactgtcc accttccagc agatgtggar tagcaagcag 1080 

gagtacgacg agtcgggccc ctccatcgtc caccgcaaat gcttctaaac ggactcagca 1140 

gatgcgtagc atttgctgca tgggttaaxt gagaatagaa atttgcccct ggcaaatgca 1200 

cacacctcat gctagcctca cgaaactgga ataagccttc gaaaagaaat tgtccttgaa 1260 

gcttgtatct gatatrcagca ctggattcjta gaacttgttg cngatirtrga ccctgtattg 1320 

aagttaactg ttccccttgg tatttgttta ^taccctgta c&t&tctttg agtrtcaacct 13®Q 
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ttagtacgtg tggcttggtc acttcgtggc taaggtaaga acgtgcttgt ggaagacaag 1440 

tctgtggctt ggtgagtctg tgtggetagc agcctctgat ctgtgcaggg tattaacgtg 1500 

tca^ggctga gtgttctggg axttctct&g aggctggcaa gaaccagttg ttttgtcttg 1560 

cgggtctgtc agggxx$gaa agtecaagcc gtaggaccca oittccxtxc xt&gctgatg 1620 

xctttggcca gaacaccgtg ggctgtt&ct tgctttg&gt tggaagcggt ttgcattfcac 16S0 

gcctgtaaat gtaxxc&ttc ttaatttatg taaggxxtxt tttgt&cgca artctcgatt 1740 

ctttg&agag atgacaacas, attrtggxxt tcxactgtta tgxg&gaaca txaggcccca IS 00 

gcaacacgtc axtgtgtaag gaaaaataaa agxgcxgccg taacc 1845 

<210> 3 

<211> 1S45 

<212> DMA 

<213> Homo sapiens 

<400> 3 

atggaagaag agaxcgccgc gctggtcaxx gacaatggct ccggcatgtg caaagctggt 60 

xttgctgggg acgacgetcc ccgagccgtg tttccttcca tcgtcgggcg ccccagacac 120 

cagggcgxca togtgggcat gggccagaag gactccXacg tgggcgacga ggcccagagc 180 

aagcgtggca tccrgaccct gaagtacccc attgagcatg gcaxcgxcac caacxgggac 240 

gacatggaga agatctggca ccacaccttc tacaacgagc tgcgcgtggc ccxggaggag 300 

caeccagxgc xgctgaccga ^gccccccxg aaccccaagg ccaacagaga gaagargact 360 

cagattatgt xxgagacctt caacaccccg gccatgxacg xggccatcca ggccgrgctg 420 

tccctctacg cctctgggcg caccacxggc axtgtcaxgg actctggaga cggggtcacc 480 

cacacggrgc ccatcxacga gggctacgcc cxcoceeacg ccaxccxgcg tctggacctg 540 

gctggccggg acctgaccga ctacctcatg aagatcctca cxgagcgagg ctaeagcxxc 600 

accaccacgg ccgagcggga aarcgtgcgc gacatcaagg agaagcxgxg cxacgtcgcc 660 

ctggacttcg agcaggagat ggccaccgcc gcatccxcct cxxcxqxgga gaagagctac 720 

gagctgcccg axggccaggt catcaccatt ggcaatgagc ggttccggxg tccggaggcg 780 

ctgttccagc cttccttccx gggtatggaa xcttgeggca xccacgagac caccxxcaac S40 

tccatcatga agtgtgacgx ggacatccgc aaagacctgt acgccaacac sgtgctgtcg 900 

ggcggcacca ccatgxaccc gggcattgcc gacaggatgc agaaggagat caccgccctg 960 

gcgcccagca ccatgaagax caagatcatc gcacccccag agcgcaagxa cxcggtgtgg 1020 

atcggtggcx ccatccxggc ctcacxgtcc acctxccagc agatgxggar tagcaagcag 1080 

gagtacgacg agtcgggccc cxccatcgtc caccgcaaat gcxxcxaaac ggactcagca 1140 

gatgcgtagc axxxgctgca tgggxxaatt gagaaxagaa atttgcccct ggcaaaxgca 1200 

cacacctcax gcxagcctca cgaaactgga ataagccxxc gaaaagaaax Xgtcctxgaa 1260 

gcttgtatct gatatcagca ctggattgta gaacttgtxg ctgattxtga ccxtgtattg 1320 

aagttaacxg ttccccttgg ratttgttta ataccctgta caxaxcxxxg si^ttcaaccx 1380 
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ttagtacgtg 


tggcttggtc 


acttcgtggc 


taaggtaaga 


acgtgcttgt ggaagacaag 


1440 


tctgtggctt 


ggtgagxctg 


-tgtggccagc 


agectctgat 


ctgtgcaggg tattaaegtg 


1500 


tcagggcxga gtgttctggg 


atttctctag 


aggctggcaa 


gaaccagttg ttttgrcttg 


1560 


cgagzczcjxc agggttggaa 


agteca&gcc 


gtaggaccca 


gtttcctttc ttagctgatg 


1620 


tctttggcca g&acaccgtg 


ggctgttact 


t^ctttgagt 


nggaagcggt ttgeatttae 


16S0 


gcctgtaaat 


gtattcattc 


ttaattrtatg 


taaggttttt 


tttgtacgca attctegatt 


1740 


ctttgaagae 


atgacaacaa 


attttggttt 


tctactgtxa 


tgtgagaaca ttaggcccca 


ieoo 


gc&acacgtc 


attgtgtaag 


gaaaaataaa 


agtgctgccg 


t&acc 


1845 


<210> 4 

<211> 1845 

<212> DMA 

<2X3> Homo sapiens 










<400> 4 
atggaagaaej 


agatxgccgc 


gctggtcatt. 


gacaatggct 


ccggcangtg caaagctggt 


d\> 


tttgctgggg 


acgacgcrcc 


ccgagccg rg 




•tcgtcggcjcg ccccagacac 


XZU 


cagggcgtca 


tggtgggcat 


gggccagaag 


gactcccacg 


tgggegaega ggcccagagc 




aagcgrggca 


tcctgaccct 


gaagtiacccc 


attgagcaxg 


gcarcgtcac caactgggac 


240 


gacatggaga 


agatctggca 


ccacaccttc 


tacaacgagc 


tgcgcgtggc cceggaggag 


300 


cacccagtgc 


tgctgaccga 


ggcccccctg 


aaccccaagg 


ccaacagaga gaagatgact 


360 


cagattatzgt 


Htgagacctt 


c aacaccc eg 


gccatgtacg 


tggccatxca ggccgtgctg 




tccctctacg 


cctctgggcg 


caccacxggc 


attgtcargg 


actctggaga cggggtcacc 


4S0 


cacatggtgc 


ccarctacga 


gggctacgcc 


ctcccccacg 


ccatcctgcg tctggacctg 


540 


gctggccggg 


accxgaccga 


ct acctcaiig 


aagatcctca 


ctgagegagg ctacagcttx 


60O 


accaccacgg 


ccgagcggga 


aa-tegtgege 


gacatcaagg 


agaagctgtg ctacgtcgcc 


660 


ctggacttcg 


agcaggagat 


ggccaccgcc 


geatxetcet 


cttctctgga gaagagcuac 


720 


gagetgcccg 


atggccaggt 


catcaccatt: 


ggcaatgagc 


ggttccggtg teeggaggeg 


780 


ctgttccagc 


cttccttcct 


gggtatggaa 


tcctgcggca 


tecaegagac caccttcaac 


840 


tccatcatga 


agtgtgacgt 


ggacatccgc 


aaagacctgt 


acgccaacac ggtgctgtcg 


900 


ggcggcacca 


ccatgraccc 


gggcattgee 


gaeaggaxge 


agaaggagax caccgccetg 


960 


gcgcccagca 


ccatgaagar 


caagatcatc 


gcacccccag 


agegcaagta ctcggtgtgg 


1020 


axcggtggcx 


ccarcctggc 


ctcactgtcc 


accrtccagc 


agatgtggat tagcaagcag 


1080 


gagtacgacg 


agncgggccc 


ctccatcgtc 


caccgcaaat 


gc-t-tctaaac ggactcagca 


1140 


gatgcgtagc 


atrtgctgca 


tgggttaatt 


gagaaragaa 


atttgcccct ggcaaatgea 


1200 


caeacctcat 


gctagcctca 


cgaaactgga 


ataaigccttc 


gaaaagaaat tgtccttgaa 


1260 


gcttgt&tct 


gatatcagca 


ctggattgta 


gaacrtg-tttg 
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aagttaactg ttccccttgg tatttgttta ataccctgta catatctrtg agttcaacct 1380 

ttagtacgtg tggcrcggxc acttcgtggc taaggtaaga acgtgcttgt ggaagacaag 1440 

tctgtggctt ggtgagtctg tgtggccagc agcctctgat ctgtgcaggg tattaiacgtg 1500 

tcagggctga gtgrrcrggg atttctctag aggctggcaa gaaccagttg XX.XX.gtQX.ZQ 1560 

cgggtctgtc agggttggaa agtcc&agcc gtaggaccca gttecctttc ttagctg&tg 1620 

tctttggcca gaae&ccgtg ggctgttact tgctrtgagt tggaagcggt ttgc©t«&C 1€$0 

gcctejtaaat gtattcattc ttaatttatg xaaggtrrfc rttgtacgca attctcgatt 1740 

ctttgaagag atgacaacaa attttggttt tctactgtta tgtgagaaca ttaggcccca 1800 

gcaacacgtc attgtgtaag gaaaaataaa agtgctgccg taacc 1845 

<210> 5 

^ll* 375 

<212> PRT 

<213> Homo sapiens 

*40Q* 5 

Met Glu Glu Glu lie Ala Ala Leu Val He Asp ash Gly Ser Gly Met 
15 10 15 

cys Lys Ala Gly Phe Ala Gly Asp Asp Ala Pro Arg Ala Val Phe Pro 
20 25 30 

Ser lie Val Gly Arg Pro Arg His Gin Gly Val Met: Val Gly Hat Gly 
35 40 45 

Gin Lys Asp Ser Tyr val Gly Asp Glu Ala Gin $er Lys Arg Gly lie 
50 55 60 

Leu Thr Leu Lys Tyr Pro rle Glu His Gly He val Thr Asn Trp Asp 
65 70 75 80 

Asp Met Glu Lys lie Trp His His Thr Phe ryr Asn Glu Leu Arg val 
SS 90 95 

Ala Pro Glu Glu His pro Val Leu Leu Thr Glu Ala pro Leu Asn pro 
100 105 110 

Lys Ala ash Arg Glu Lys Met Thr Gin He Met Phe Glu Thr Phe ash 
115 120 125 

Thr pro Ala Met Tyr val Ala He Gin Ala val Leu ser Leu Tyr Ala 
130 135 140 

ser Gly Arg Thr Thr Gly He val Met Asp ser Gly Asp Gly val Thr 

145 150 155 160 

His Thr val Pro xle Tyr Glu Gly Tyr Ala Leu pro His Ala 2le Leu 
165 170 175 
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Arg Leu Asp Leu Ala Gly Arg Asp Leu Thr His Tyr L6u Met Lys lie 
180 1S5 190 

Leu Thr <3lw Arg Gly Tyr Ser Phe Thr Thr Thr Ala Glu Arg <Glu xle 
195 ~ 200 205 

Val &rg Asp lie Lys Glu Lys Leu cys Tyr val A.1 a l<su Asp Phe £lu 
210 215 220 

Gin Glu Met Ala Thr Ala Ala Ser Ser Ser ser Lew Glu Lys ser Tyr 

225 230 235 240 

Glu Leu Pro Asp Gly Gin Val lie Thr lie Gly Asn Glu Arg Phe Arg 
245 250 " 255 

Cys Pro Glu Ala Leu Ph£ Gin Pro Ser Phe Leu Gly Met Glu ser Cys 
260 265 270 

Gly lie His Glu Thr Thr Phe Asn Ser lie Met Lys Cys Asp Val Asp 
275 280 285 

lie Arg Lys Asp Leu Tyr Ala Asn Thr Val Leu Ser Gly Gly Thr Thr 
290 295 300 

Met Tyr Pro Gly lie Ala Asp Arg Met Gin Lys Glu lie Thr Ala Leu 
305 310 315 320 

Ala Pro ser Thr Met Lys lie Lys lie tie Ala Pro pro Glu Arg Lys 
325 330 335 

Tyr ser val Trp lie Gly Gly Ser Tie Leu Ala Ser Leu ser Thr Phe 
340 / 345 350 

Gin Gin Mer Trp lie ser Lys Gin Glu Tyr Asp Glu Ser Gly Pro ser 
355 360 365 

lie val His Arg Lys cys Phe 
370 375 

<210> 6 

<211> 375 

<212> PRT 

<213> Homo sapiens 

<400> 6 

Met Glu Glu Glu lie Ala Ala Leu val xle Asp Asn Gly ser Gly Met 
X 5 10 15 

Cys Lys Ala qfly phe Ala Gly Asp Asp Ala Pro Arg Ala Val Phe Pro 
20 25 30 
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Ser He Val Gly Arg Pro Arg His Gin Gly val Met val Gly Met Gly 
35 40 45 

Gin Lys Asp ser Tyr val Gly Asp Glu Ala Gin ser Lys Arg Gly xle 
w 55 60 

Leu Thr Ley Lys Tyr Pro lie Glu his Gly He val Thr Asn Trp Asp 

65 ?0 75 so 

Asp Met Glu Lys lie Trp His His Thr Phe Tyr Asn Glu Leu Ara val 
S5 90 95 

Ala Pro Glu Glu His Pro Leu Leu Leu Thr Glu Ala Pro Leu Asn Pro 
100 105 HQ 

Lys Ala Asn Arg Glu Lys Met Thr Gin xle Met Phe Glu Thr phe Asn 
115 120 125 

Thr Pro Ala Met Tyr val Ala He Gin Ala val Leu ser Leu Tyr Ala 
130 135 14 q 

ser Gly Arg Thr Thr Gly lie Val Met Asp ser Gly Asp Gly val Thr 
X4:> !50 155 160 

His Thr Val pro lie Tyr Glu Gly Tyr Ala Leu pro His Ala lie Leu 
165 170 175 

Arg Leu Asp Leu Ala Gly Arg Asp Leu Thr Asp Tyr Leu Met Lys lie 
180 185 190 

Leu Thr Glu Arg Gly Tyr ser phe Thr Thr Thr Ala Glu Arg Glu He 
195 200 205 

val Arg Asp He Lys Glu Lys Leu cys Tyr val Ala Leu Asp Phe Glu 
21 <> 215 220 

Gin Glu Met Ala Thr Ala Ala ser ser ser ser Leu Glu Lys Ser Tyr 
225 230 235 240 

Glu Leu Pro Asp Gly Gin val lie Thr rle Gly Asn Glu Arg Phe Arg 
245 250 255 

Cys pro Glu Ala Leu phe Gin Pro Ser Phe Leu Gly Met Glu Ser Cys 
260 265 270 

Gly lie His Glu Thr Thr Phe Asn Ser He Met Lys Cys Asp val Asp 

275 280 285 

He Arg Lys Asp Leu Tyr Ala Asn Thr val Leu ser Gly Gly Thr Thr 

295 300 
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Met Tyr pro Gly lie Ala Asp Arg Met Gin Lys Glu lie Thr Ala Leu 
3° 5 310 315 320 

Ala Pro $er Thr Met Lys zle Lys He He Ala pro Pro Glu Arg Ly^ 

US 3B0 335 

Tyr Ser Val Trp He Sly Gly Ser xle Lew Ala ser Lets Ser Thr Phe 

340 345 350 

Gin Gin yet Trp He Ser Lys Gin Glu Tyr Asp Glu Ser Gly Pro Ser 

355 360 365 

lie Val His Arg Lys Cys Phe 
370 375 

<210> 7 

<212> PRT 

<213> Homo sapiens 

<400> 7 

Met Glu Glu Glu lie Ala Ala Leu Val lie Asp Asn Gly Ser Gly Met 

cys Lys Ala Gly phe Ala Gly Asp Asp Ala pro Arg Ala val Phe pro 
10 25 30 

Ser He Val Gly Arg Pro Arg His Gin Gly Val Met Val Gly Met Gly 
55 40 45 

Gin Lgs Asp ser Tyr val Gly Asp Glu Ala Gin Ser Lys Arg Gly lie 

Leu Thr Leu Lys Tyr Pro lie Glu His Gly He val Thr Asn Trp Asp 

75 30 

Asp wet Glu Lys tie Trp His His Thr phe Tyr Asn Glu Leu Arg val 
55 90 95 

Ala Leu Glu Glu His Pro val Leu Leu Thr Glu Ala pro Leu Asn Pro 
100 105 HQ 

Lys Ala Asn Arg Glu Lys Met Thr Gin He Met Phe Glu Thr Phe Asn 
1:L 5 120 125 

Thr pro Ala Met Tyr val Ala Jle Gin Ala Val Leu ser Leu Tyr Ala 
laU 135 2.40 

Ser Gly Arg Thr Thr Gly xle val Met Asp ser Gly Asp Gly Val Thr 

150 155 16Q 
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His Thr val Pro lie Tyr Glu Gly Tyr Ala Leu Pro His Ala lie Leu 
165 170 175 

Arg Leu Asp l@u Ala Gly Arg Asp Leu Thr Asp Tyr lsu wet Lys lie 
180 IS 5 190 

Leu Thr Glu Arg Gly Tyr ser Phe Thr Thr Thr Ala Glu Arg Glu He 
195 200 205 

Val Arg Asp Tie Lys Glu Lys Leu €y$ Tyr val Ala i.su Asp Phe Glu 
210 215 220 

Gin Glu Met Ala Thr Ala Ala ser ser ser Ser Leu Glu Lys Ser Tyr 

225 230 235 240 

Glu Lew Pro Asp Gly Gin Val lie Thr He Gly Asn Glw Arg phe Arg 

245 250 255 

cys Pro Glu Ala Leu Phe Gin Pro ser Phe Leu Gly Met Glu ser cys 
260 2 65 270 

Gly lie His Glu Thr Thr Phe Asn ser lie Met Lys cys Asp val Asp 

275 280 2&5 

lie Arg Lys Asp Leu Tyr Ala Asn Thr val Leu ser Gly Gly Thr Thr 
290 295 300 

Met Tyr Pro Gly lie Ala Asp Arg Met Gin Lys Glu lie Thr Ala Leu 
305 310 315 320 

Ala Pro ser Thr Met Lys lie Lys lie lie Ala Pro Pro Glu Arg Lys 



325 330 33 

Tyr ser Val Trp lie Gly Gly ser lie Leu Ala ser Leu Ser Thr Phe 
34& 345 350 

Gin Gin Met Trp Xle Ser Lys Gin Glu Tyr Asp Glu ser Gly Pro ser 
355 360 36S 

lie val His Arg Lys Cys Phe 
370 375 

<210> S 

<211> 375 

<212> PRT 

<213> Homo sapiens 

<400> 8 

Mot Glu Glu Glu Si 0 Ala Ala Lou val Tie Asp Asn Gly ser Gly Met 
15 10 15 

cys Lys Ala Gly Ph£ Ala Gly Asp Asp Ala, Pro Arg Ala Val Ph<s Pro 
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20 25 30 

Ser He Val Gly Arg Pro Arg His Gin Gly val Met Val Gly Met Gly 

3* 40 45 

£ln Lys Asp ser Tyr val Gly Asp ^ly Ala <^ln Ser Lys Arg Gly He 
■>U i>5 SO 

L|u Thr Leu Lys Tyr Pro iU Slu His Gly He Val Thr Asn Trp Asp 

/0 75 SO 

Asp mt Glu Lys lie Trp His His Thr Phe Tyr Asn Gly Leu Arg val 

^5 so 95 

Ala Pro Glu Glu His Pro val Leu Leu Thr <slu Ala Pro Leu Asn Pro 
100 105 no 

Lys Ala Asn Arg Glu Lys Met Thr Gin rle Met Phe Glu Thr Phe Asn 
115 120 125 

Thr pro Ala Met Tyr Val Ala lie Gin Ala val Leu ser Leu Tyr Ala 
130 135 140 

Ser Gly Arg Thr Thr Gly He val Met Asp ser Gly Asp Gly Val Thr 

150 155 £60 

His Met val Pro lie Tyr Glu Gly Tyr Ala Leu Pro His Ala lie Leu 
165 170 175 

Arg Leu Asp Leu Ala Gly Arg Asp Leu Thr Asp Tyr Leu Met Lys He 
180 185 190 

Leu Thr Glu Arg Gly Tyr Ser Phe Thr Thr Thr Ala Glu Arg Glu lie 
195 . 200 205 

Va1 £VR Asp Xle Lys Glu L * u c * s Ala Leu Asp Phe Glu 

210 215 220 

Gin Glu Met Ala Thr Ala Ala ser ser ser ser Leu Glu Lys Ser Tvr 
225 ^30 235 240 

Glu Leu Pro Asp Gly Gin Val lie Thr lie Gly Asn Glu Arg Phe Arg 
245 250 255 

Cys Pro Glu Ala Leu Phe Gin Pro Ser Phe Leu Gly Met Glu Ser cys 
260 265 270 

Gly He His Glu Thr Thr Phe Asn Ser lie Met Lys Cys Asp Val Asp 
2^5 280 285 

lie Arg Lys Asp Leu Tyr Ala Asn Thr val Leu ser Gly Gly Thr Thr 
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290 
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295 



300 



Met Tyr Pro Gly lie Ala Asp Ar$. Met Gin Lys Glu xle Thr Ala Lea 

305 310 315 32Q 



Ala Pro Ser Thr mt Lys lis Lys xl© lie Ala Pro Pro £lu Aro Lys 

525 330 BS§ 



Tyr Ser val Trp lie Gly Gly Ser He Leu Ala Ser Ley Ser Thr Phe 
340 345 350 



Gin <5ln Met Trp lie ser Lys Gin Glu Tyr asd g7u Ser Gly pro ser 
355 360 365 



lie Val His Arg Lys cys Phe 

370 375 



<210> 9 

<211* $ 

<212> PRT 

<213> Homo sapiens 

<400> 9 

Asp Leu Thr His Tyr Leu Met Lys 



<210> 10 

<211> 18 

<212> PRT 

<213> Homo sapiens 

<4QQ> 10 

val Ala Pro Glu Glu His Pro ve*1 Leu Leu Thr Glu Ala Pro Leu Asn 



1 



5 



10 



15 



Pro Leu 
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